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PREFACE. 



This is not a treatise on the architectural art, or 
the science of construction, but a simple exposition 
of the ordinary practice of building in this country, 
with suggestions for supervising such work efficiently. 
Architects of experience probably know already nearly 
everything that the book contains, but their younger 
brethren, as well as those j^ersons not of the i^rofession 
who are occasionally called upon to direct building 
operations, will perhaps be glad of its help. 
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NOTE. 

Thb observing reauler will notice a carious discrepancy between the factors of safety 
used in calculating the strength of wooden beams in the first and last parts of the book, 
three being given as the proper factor in determining the size of the girders in the stone 
church, while six is used in calculating the roof timbers of the town-hall, which forms the 
subject of Chapter IV, the constant being the same in both cases. As this inconsistency 
exactly represents the change which took place in the received standard of strength for 
beams of timber between the stereotyping of the pages of the first and last chapter, it is 
perhaps best to let it stand, with a proper warning. The factor of safety, three, used in 
the earlier part of the book, is that still required by the New York Building Law, and the 
constant is taken from Trautwine*s Handbook, a very conservative authority. The factor 
subsequently used, six, corresponds with that adopted by what were then the latest and 
most cautious writers. Within a few months. Professor Lansa*s experiments at the Mas- 
sachusetts Institute of Technology, upon laige timbers, have shown condusively that 
with the constants hitherto given in the text-books even a factor of safety of six is too 
snuU. In his experiments, upon beams ranging from four to eight inches m width, by 
twelve and fourteen inches in depth, the average breaking weight of selected, straight- 
grained timbers of spruce and Georgia pine was about ont-half that given in Trautwine's 
tables as the proper constant for each, and not much more than one-third the constants 
adopted from Ls^ett and others by so high an authority as the South Kensington " Notes 
on Building Construction." In the light of these results, the New York law is evidently 
dangerously misleading, and the floors calculated in accordance with it, so far from being 
three times as strong as necessary, are on the verge of collapse ; while, with the constants 
at present in use, the nominal factor of six, as employed by the most prudent constructors, 
is really reduced to something like two or three. Between the varying and perfectly 
ubitrary factors of safety used by di£Ferent authorities, and their almost equally diverse 
constants, the whole subject of strength of timber has hitherto been in a state of most 
unscientific confusion, to which Professor Lanza's investigations have added the finishing 
touch. It is much to be hoped that the result of these will soon be to bring order out of 
the chaos, by establishing otir rules for the strength of heavy beams upon definite knowledge 
instead of hasty inferences. Meanwhile, we will not bewilder our readers by attempting 
to improvise any new standard of our own, but will simply say that until a better rule is 
offered, by using one-half of Trautwine*s constants as the true one, and a factor of safety 
of four, they can obtain, in calculating their future beams, a result in reasonable accord- 
ance with the present state of knowledge on the subject 
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THE DIBEGnON OF BUILDING OPERATIONS. 

All who hare had any experience in the supervision of building 
operations know the importance of having a STstematic plan in pur* 
suing their examination of any given work, and the difficulty, with- 
out such sidf of giving adequate attention to all the innumerable 
points of construction which require notice at their proper time, and 
before they are covered up or built over, so as to make changes incon- 
venient or impossible, and there are few who cannot recall instances 
of vexatious mistakes, costly alterations, or buildings left insecure 
through want of attention at the right moment to defects which an 
hour's labor would then have remedied. To the young architect, espe- 
cially, judging from the writer's own experience, a manual which 
may help to direct his attention to all the various details which 
should be noticed, and put him in mind of the defects to be looked 
for at each stage of a given construction, cannot fail to be of use, and 
such a manusJ, it is hoped, the following pages will supply. No 
doubt there will be imperfections and omissions ; but the writer trusts 
they will not be found very numerous, and that such as may exist 
will be duly criticised and corrected by those competent to do so. 
Reference will be made to the different modes of building which pre- 
vail in various localities, so far as the writer's knowledge permits, as 
much for the purpose of comparison and criticism as for the sake of 
extending the usefulness of the work. 

The general subject of superintendence will be considered under 
the three heads of Stone Buildings, Wooden Buildings and Brick 
Buildings. 

In the division of Brick Buildings will be special reference to 
the distribution of weights, and those details of boiler and steam 
work, and ventilation, which are more commonly to be consid* 



4 BUILDING SUPERINTENDENCE. 

ered in connection with city structures than others; and under 
Wooden Buildings the questions of grading, cellar-work and drain- 
age will be dwelt upon, which continually call for settlement in coun- 
try construction. 

In each class the progress of a typical building will be described, 
from the first breaking of ground to the completion of the work, 
showing the successive stages of construction and the order of de- 
livery of material on the ground, such as they would be found by the 
superintendent in his periodical visits. At each imaginary visit 
occasion will be taken to call attention to points which need to be 
considered at that particular stage, although th«^ execution of them 
may belong to a subsequent period, and some general directions for 
judging of the quality of materials will be given at the time they 
make their first appearance on the premises. 

From a sense of its great im})ortance, the writer, although not 
considering himself peculiarly qualified for the task, will endeavor, 
in treating of the different kinds of work, to present a standard by 
which each sort can be judged. Nothing is more embarrassing to the 
young architect than to be called upon to decide a dispute between 
contractors and owner on the question of what constitutes a ^* good, 
substantial, and workmanlike manner " of executing any particular 
piece of construction. He is not likely to commit the error of being 
too lenient in his requirements, but he may, if unaccustomed to practi- 
cal work, be led into unreasonable exactions or untenable positions 
which he will subsequently have to abandon, to the detriment of his 
reputation and authority. It often happens that the owner has 
formed a priori an ideal of what the work should be, which does not 
agree with the actual execution, and he consequently refuses to ac- 
cept it, or claims an allowance in the price on account of what he 
asserts to be defective workmanship ; and the architect is called upon 
to decide between the parties. In such cases it is of the utmost im- 
portance to him to be able to show such thorough familiarity with 
common practice as will command the respect of both. Without this 
he is continually liable to do injustice either to the contractor or his 
client, as well as to incur their ill-will. Take, for instance, a question 
which sometimes actually occurs in the case of buildings faced with 
freestone ashlar. The owner, perhaps, has been reading some text- 
book on construction and has come across the familiar direction that 
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" all stones used in masonry should be laid on their natural bed." 
On his next visit to his building he looks for the application of this 
rule and is surprised to find every stone in the facing set up edge- 
ways. He sends for the contractor, who professes never to have 
heard of any rules about beds, and declines the owner's request 
either to take down the masonry and do it over again, or to make a 
discount from the contract price of the work. The disputants then, 
betake themselves to the architect, who finds all his resources of tact 
and experience required to convince the owner that although his rule 
might be theoretically correct, universal custom justified the con- 
tractor in violating it. He is sure to be sharply questioned, and if 
his practical knowledge proves defective, all his rulings in favor of 
the builder expose him to suspicion and discredit. 

It will be of advantage, however, in connection with the discus- 
sion of the usual practice in the different kinds of work, to point out 
such improved methods as arc sometimes used, but with a caution to 
the reader, that under the common contract the builder cannot be 
compelled to use them at his own expense, unless they are recognized 
in the best ordinary practice of the locality to which he belongs, or 
are particularly mentioned in the specification, although most good 
mechanics are glad of any suggestions for the improvement of their 
work, even at some extra cost to themselves, and will be equally 
grateful for any help toward a uniform standard of practice, to 
which both they and the architects can refer. 

For the discomfiture of bad workmen, the young architect will be 
warned against some of the ways in which defective materials or 
construction are covered up, and will be reminded to look for bad 
work before the building arrives at so advanced a stage that it can 
no longer be detected or remedied. 

To save space, it is supposed that the reader is familiar with the 
principles of construction as given in the text-books, and with the 
common forms of specifications and building contracts. Any one in 
need of such elementary information will find Dobson's <<Art of 
Building," in Lockwood's series, the best cheap work on the general 
subject, and Brooks's " Dwelling Houses," in the same series, wUl 
afford some additional details in its special branch. As a complete 
and authoritative text-book, however, no work within our knowledge 
can compare with the three volumes of *' Notes on Building Con- 
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struction," prepared for the use of the English Science and Art 
Department at South Kensington, and published by Rivingtons, 
Waterloo Place, London. 

For those who read French, Rami's " Architecture Pratique ** 
will be an extremely practical and useful little book, while those 
who have sufficient leisure will find the time necessary for the study 
of Rondelet's standard work, the " Traitd Th^orique et Pratique de 
1 'Art de Batir " well repaid. 

There are many other useful works, both in French and English, 
which treat of various portions of the subject. Among the best are 
Wightwick's " Hints to Young Architects," published in Lockwood's 
series, with Hatfield's " American House Carpenter," published by 
Wiley & Son, New York. 

The specifications in the English books are useless in this country, 
our materials, modes of construction, and technical terms differing 
completely from those in use across the water, but models which will 
serve vA-y well as guides for the non-professional reader in the con- 
struction of brick or stone buildings will be found in the printed 
specifications for public structures of various kinds, copies of some 
of which can generally be had by inquiring of the proper officers. 
For wooden buildings, the best work in print is perhaps Mr. Wm. T. 
Hallett's " Specifications for Frame Houses," published by Bicknell 
& Comstock, New York. If a form of contract is desired, a very 
good one can be found in Mr. Hallett's book, or blank agreements 
for building, as well as a special form for " mechanics' work," can 
be obtained of any stationer. These forms are not all that could be 
desired, but do very well for ordinary cases. 

One or two preliminary remarks may be made before describing 
the actual processes of inspection. 

In the first place it is necessary to be as familiar as possible with 
the plans and other drlpFings of the' building to be constructed. 
Nothing is of so much service in rendering the labors of the super- 
intendent valuable to his employers and himself as the thorough 
understanding of the projected building which will enable him to 
foresee the consequences of every step, to judge of the position arid 
workmanship of each part of the edifice, while in process of con- 
struction, with reference to its final use and finish. His duty is only 
half fulfilled if he trusts blindly to the accuracy of the plans. He 
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should examine, compare and correct them minutely, thoroughly, 
and frequently. It is impossible in the architect's office to avoid all 
mistakes in drawing or figuring, but such as escape the eye of the 
busy professional man can easily be detected by a little care in com- 
paring them with the work on the ground, and this duty clearly be- 
longs to the superintendent. Not only should he make sure of the 
accuracy of the plans, but he must also look out beforehand for other 
points which may affect or hinder the construction when once begun. 
If, for instance, the drawings show stone and brick work bonded to 
gether in elevation, it should be his duty at once to procure bricks of 
the kind to be used in the facing, and lay them up with mortar joints 
of the usual or specified width, in order to ascertain with certainty 
the height which a given number of courses of brick will lay. It is 
common in such work to assume that five courses of brick will lay 
one foot in height, and the detail drawings for the stonework are 
often made and figured accordingly. If, then, as often happens, the 
particular brick used is a little thicker or thinner than the standard, 
the stone once cut from an incorrect assumption will fail to bond 
properly, and, if it cannot be recut, must either be thrown away or 
inserted as best it may, the wide joints and irregular lines bearing 
witness to the incompetency of the one who directed the work. 

Even supposing the plans to be correct, the superintendent will 
find many opportunities for saving both contractor and owner from 
the annoyance and expense caused by the carelessness of workmen. 
It is impossible to get the ordinary mechanic to concern himself 
about the future matters which will depend upon his work, and a 
little foresight in supervision will prevent many careless deviations . 
from the drawings or specifications, which, although the contractor 
would be bound to correct them, he will be glad to have detected 
in season to save him that expense, and wil^show his gratitude by i 
special endeavor to please. Another impOTtant point in efficient 
supervision is, after inspecting the materials delivered, to make sure 
that those rejected are removed from the premises. If they are 
marked for rejection, as they should always be, let the mark be on 
the fact of the cracked or thin stone, or on the upper side of a 
" waney " floor-board, so that it can be recognized if it should be 
afterwards put into the work. If this precaution is not taken, and 
if the marks are not made in such a manner that they cannot be 
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rubbed or planed off, materials once discarded will be smuggled 
into the building in spite of the injunctions of the superintendent or 
contractor. 

It is impossible to be too thorough in each periodical inspection of 
the building. It will not do to examine one portion one day and 
another the next ; the proper way is to go all over the structure at 
each visit. Wherever a man is working, or has been working since 
the last inspection, go and see what he has done. In this way it will 
be possible to gain that definite knowledge of every portion of the 
structure which is the only security against concealed vices of work- 
manship. 

One other precaution must be observed : let not the young archi- 
tect put too much faith in what workmen say to him. The best of 
them dislike to pull down or change what is already done, and if in- 
advertence or temporary convenience has led them into palpable 
violations of the specifications, they will often stretch the truth con- 
siderably in their explanations and excuse. Some are much worse 
than this, and will deliberately avail themselves of the credulity and 
inexperience of the young architect under whose authority they 
come, to obtain from him, both before and after the execution of the 
work, such concessions from and interpretations of the strict letter 
of the specification as will be most to their profit. It is difficult for 
one who is not quite certain that he knows how to distinguish be- 
tween fresh and damaged cement, for instance, to persist in rejecting 
a lot of which he has suspicions, but which the builder declares to 
be not only of the best quality, but the only lot of that quality which 
can be procured without seriously delaying the work, and if the 
superintendent is found to be accessible to such representations, his 
credulity is sure to be tested on many other points. The only way 
in which young architects can escape being occasionally made vic- 
tims of such practices, is for them to make up their minds what is 
right by the best light that they can, and insist on their directions 
being followed. With a little thought, and assiduous study of other 
buildings in process of construction, it need rarely happen that their 
orders will be unreasonable, and a firm stand on such occasions as 
arise in the early stages of the work will not only make their subse- 
quent duty much lighter and pleasanter, but will often save them 
ultimate discredit and regret. 
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These preliminary remarks are applicable to every kind of build- 
ing. Others might be added, but as they may perhaps be better 
understood and remembered in connection with some practical illus- 
tration, 'it will be as well to defer their consideration until they pre- 
sent themselves in treating of a particular class of work. 



THE CONSTRUCTION OF A STONE CHURCH. 



CHAPTER L 

There are many advantages in beginning the study of construction 
with stone buildings. Such structures require a minuteness of at- 
tention, and a precision and accuracy of workmanship, superior to 
that which is generally bestowed upon buildings of any other material, 
and the careful and continual measuring, levelling and verifying which 
they demand, together with the foresight which must 
Construction be exercised in order that all parts of the masonry and 

Bulldlnssa wood-work may come together without error, tend to 
form habits which are of great value in the direction 
of any kind of building operation. Moreover, the construction of 
iliOst stone buildings involves calculations of thrust; of pressures, 
vertical and oblique ; the resistance of materials, and many other 
technical problems well fitted to exercise and develop the capacity of 
the young professional man, while the comparative slowness with 
which they are erected affords him sufficient time for a careful con- 
sideration and solution of such questions, which is not always pos- 
sible in the case of lighter structures. 

If it is considered also that stone-masonry of some kind enters in- 
to nearly all building operations, and that foundation-works, even of 
light erections, sometimes require the over- 
coming of serious difficulties, the propriety 
of introducing the general subject by its 
most intricate and technical branch will be 
sufficiently plain. 

The church, of which we propose to fol- 
low the construction, is intended to bo sit- ^'■^' *' 
uated on an elevated ground, descending irregularly toward the 
east. The soil appears to be gravelly, but variations in the ap- 
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pearance of the grass over the lot indicate that the sub-soil is not 
uniform. The total difference in the level of the ground in the 
length of the proposed building is about six feet. 

The church is to be cruciform in plan, 'with clerestory and nave 
aisles ; the chancel to be without aisles, as wide as the nave, and with 
a semicircolar apsidal termination. The principal entrance is to be 

through the tower, which stands at 
the south-west angle, forming the 
termination of the south aisle of the 
nave, and there is a second entrance,. 




'^fe- 



opening into the transept through a small 
enclosed porch which occupies the angle 
between the transept, which has consider- 
able projection, and the south aisle of the 
nave. East of the north transept is the 
organ-chamber, with wide openings into 
transept and chancel. The corresponding 
angle between the south transept and the 
chancel is occupied by the robing-room, 
with private entrance from the outside. 
Under the chancel is a society-room, entered 
directly by steps from the outside. The rest 
of the space under the building is used for 
a cellar, reached by a circular stone stair- 
case in a staircase-turret attached to the 
main tower. The same stair ascends also 
to the bell-chamber. The whole building, including the spire, is faced 
with brown freestone from the floor-line upward. The basement 
wall, from the floor-level to the ground, is faced with granite. The 
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Ashlar. 



foundation-walls, and the backing of the walls above ground, are ot 
a slaty local stone. The spire and staircase-turret are backed with 
brick. 

In the interior, the clerestory arches, and the caps and bases of the 
columns which carry them, are of Ohio freestone. The plin£hs and 
shafts of the columns are granite, the shafts being polished. The 
chancel steps are of marble ; the vestibules are tiled with marble ; and 
the chancel floor is laid with encaustic tiles. The outside steps are 
granite, and the winding stair in the turret is of hard brown sand- 
stone. 

The exterior stone facing is specified 
to be " neat random ashlar, quarry-face, 

with pitched joints." This 

means that all the exposed 
surfaces are to be freshly split, without 
weather-worn faces, such as would be 
admissible if rock-face were specified, 
and that the joints, instead of irregularly 
projecting, as is permissible in some en- 
gineering work (Fig. 1), are to be 
" pitched off " to a line previously drawn 
around the stone, all parts of which lie 
in a true plane at right angles with the 
surfaces formed by the joints. This is 
done with a "pitching tool" or wide 
chisel with a very tliick edge (Fig. 2), 

and the result is to furnish 
Dressins blocks which, however rough ^^ *\ 
Stone. and projecting in the centre, \^ ^ 
all possess four well-defined edges, by 
means of which they can be placed upon 

and beside each other with as much accuracy as the 

smoothest-faced stones, presenting a surface like that 

shown in Fig. 8. 

Other parts of the exterior stone-work are differently treated; the 

spire is to be a " broach " (Fig. 5), and the arrises, or edges, of the 

octagonal spire, as well as of the broaches, are to have chiselled draft 

lines (Fig. 4) two inches wide. There will be also draft lines one and 




Fig. 5. 
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Joints. 
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Orandle. 



.«ie4ialf inches wide around all openings, and the reveals of openings, 
together with all cornices, copings, weatherings of buttresses, washes 
of sills, roof of staircase-turret, and bands in spire, will be crandled ; 
that hj brought to a jilaue surface by 
means of the cramlle (Fig* 6), 
wbich La a toothed hat-chet composed of eight 
or ten pointed cliisels wedged tight into a 
frame with a handlo. With this tool the 
surface of the etone is obliquely struck 




Fig. 7 

position of the 
applied in the 



until the inequalities 
h&vi* been red m; 0(1 and the 
surface is covered with short 
parallel furrows, all rimning iu 
the same diri.»etkm. (Fig. 7.) The 
workman is thou cUivagod, and the tool 
other direction, so as to make furrows crossing the first. By this 
means a comparatively smooth surface is formed, covered with a net- 
work of short lines. (Fig. 9.) Before beginning the work a line is 
drawn around the stone, and the joints either pitched off to this line, 
as before described, or a chisel draft sunk all around the face until the 
line is reached. (Fig. 8.) Whichever mode is adopted, by removing 
the rough projections of the central portion first with a toothed chisel 

and then with the crandle 

until it is reduced to the 

plane of the draft line, a 

true surface is obtained. 

It need hardly be said 

that the first operation in 

all stone-cutting is to form 

the joints, and from these 

four surfaces, at right angles to each other (Fig. 10), all the other 

bounding planes of the finished stone are derived. 

The tracery of the windows is droved ; that is, finished 

by working over the entire surface with a wide chisel, so as to cover 
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' until the in- 



it with parallel lines, all running in the same direction, except around 
arches, where they radiate from the same centre as the curve of the 
arch. (Fig. 11.) 

Of the granite, the ashlar 
is quarry-faced, with pitch- 
ed joints like the sandstone. 
The "wash" or upper in- 
clined suiiace of the water- 

^ table is pene 

Pene , ^ . 

Hammerlns. nammered; 

that is, pounded 
with a heavy, double-edged hatchet, or " pene hammer," 
equalities are chipped away and the surface is reduced to a plane, 
determined by draft lines previously drawn, and covered with coarse 
parallel lines. The outside steps, and the reveals and sills of basement 
openings, receive a further finish, by being pounded all over, after 
the pene hammer has done its work, with a " bush hammer," or as 

some say, " patent hammer," in which several parallel 
Hammerlns- ^^^®^ *^® bolted into an iron frame with a handle. 

This instrument (Fig. 12) also leaves parallel marks 
on the stone, but much finer than those of the pene hammer. For the 
outside work, a tool having six blades to the inch will give a sufficiently 
smooth surface, which is specified as " six-cut." The plinths of the 
interior columns are first pene hammered, then six-cut, and finally 
"ten-cut," with a bush hammer having ten _. 

blades to the inch, which leaves the ^looe 
very smooth. Eight blades would give Jin 
intermediate finish. The joints and bols 
of the granite are "pointed," or brought / 
to a roughly plane surface by means / 
of the " point," a short, thick chisel, 
with a very short edge, often less ^ 
than a quarter-inch in length. 

The interior capitals and a portion I 
of the arch mouldings, as well as the I 
finials and some other outside work, are carved, 
to the chancel are polished. In the. carved work it is import-ant 
to leave all the marks of the chisel untouched. Inferior workmen 




The marble steps 
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sometimes smooth and rasp the carving, to the destruction of its 
crispness and beauty. The rest of the interior freestone, on the con- 
trary, will be rubbed. This is usually done by laying stones sawed 
to a suitable thickness, either with steel blades supplied with sand 
and water, or with the much more rapid diamond saw, face down- 
ward on a large mill-stone revolving horizontally. This smooths off 
the lines left by the saw, and the surface thus given is left to form the 
face of the work. The granite shafts are polished by machinery^ 
emerj' o£ different grades being first used, after the stone is brought 
to a smooth surface with tools ; followed by " tin 
putty," or precipitated oxide of tin, which pro- 
duces a glass-like lustre. For red granite, the so- 
called jewellers' rouge, or crocus, which is really 
an oxide of iron, is used for polishing, and the 
particles which find their way into the crev- 
iced of the granite are allowed to remain, 
for the sake of heightening the color. 
Occasionally the final gloss is given 
with wax, but this fraud can be de-. 
plication of a hot cloth, or by ex- 




tected by the ap- 
posure to the weath- 
lustre so obtained. 

The roof is open-tim- 
trusses and arched ribs, the 
purlins, being of hard Southern 



er, which quickly removes the 

bered, with hammer-beam 
trusses, as well as the 
pine. The trusses are 
covered with matched pine boards, tarred felt, and slate, and the 
panels formed by the purlins and trusses are lathed and plastered. 
The interior is furred with studding, lathed and plastered. A pan- 
elled wainscot, four feet high, runs around the room. 

The interior of the tower, which forms a vestibule, is lined with i 
four-inch wall of face-brick, separated by a two-inch air-space from 
the outside wall, but tied to it with iron anchors. This lining ex- 
tends the whole height to a ceiling of moulded girders, forming panels 
filled with matched-and-beaded sheathing, and covered with tin on 
top. The space above this, though accessible from the staircase-tur- 
ret, is left rough, up to the " bell-deck," also covered with tin, on 
which stands the framing for the peal of bells, which should be as far 
as possible independent of the tower walls. 
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The interior of the society-room heneath the chancel is lined with 
a four-inch brick wall, separated by a two-inch air-space from the 
outside masonry, and tied to it with iron, and is plastered on the 
inner brickwork. The walls of the robing-room and organ-chamber 
are furred, lathed and plastered. The tiled floors of the vestibules and 
chancel are set on bricks laid upon boarding cut in between the 
beams. All the other floors are double, the under boards of spruce 
throughout, and the upper flooring of Georgia pine in the society- 
room ; elsewhere of white pine. Interior finish is of hard wood. 

The foregoing description contains a brief abstract of the specifica- 
tions. In accordance with these the contract has been signed, and 
the builder, or the contractor for the excavation, as the case may be, 
meets the architect upon the ground to lay out the 
Sfe^BifildlnB. ^°^^* ^ * special plan has been prepared, with the 
exact dimensions of the walls and the lengths of the 
diagonals in plain figures upon it, the setting-out will be much simpli- 
fied, and there will be less danger of mistake, but the cellar plan is 
often the only drawing provided for the purpose, and the additions 
or subtractions necessary to give the dimensions of the trenches must 
be made on the spot. 

In important works it is best to call upon an engineer to set out 
the lines, but circumstances may make it necessary to do without such 
professional aid. In any case, the architect should always be present 

Some builders, and a few architects, possess an engineer's compass, 
by means of which they can ** turn off " the various angles around 
the building with precision ; but in most cases the parties will arrive 
at the spot furnished only with a tape-measure, a few stakes, and a 
" mason's square," consisting of three pieces of wood nailed together 
in such a way as once to have formed, perhaps, aright-angled triangle. 
Even these rude instruments will, however, suflice, if the tape is accu- 
rate, and especially if the architect has had the forethought to bring 
a second tape, which will much facilitate matters. 

The first thing to be done is to stake out the outside lines of the 
main walls of the building, the ''ashlar lines," as they are called. 
Many persons neglect these in the first laying out, and run only the 
exterior lines of the cellar-wall, which usually projects three or four 
inches beyond the ashlar lines, but the danger of mistakes is much 
lessened, and the work in the end simplified, by setting out at the 
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beginning the perimeter of the main walls, and then drawing par- 
allel lines outside of these to indicate the face of basement-waUs, or 
the line of excavation, &a the case may be. By this means the exact 
relation of foundation and superstructure is shown at a glance, and 
there is no danger of a line drawn to indicate the face of the foundar 
tion being mistaken for the ashlar line, and the wall being built 
several inches outside of it, as sometimes happens where only one 
line is given at first, much to the detriment of subsequent work. 

The staking out of the plan must begin by the establishment 
of some main rectangle or triangle, to which the various projections 
can be added one after the other. In this instance, 
the preliminary figure may be the rectangle formed Rectanicle7 
by the nave, including the aisles, from the west front 
as far as the transepts. Having fixed upon the location of the 
building, the line of the west front is determined, and upon this 
line is measured the width of the nave with the aisles, to the out- 
side of the aisle walls. A short stake should be driven into the 
ground at each end, and a copper tack in the head of the stakes 
will indicate the exact points. The next step is to run lines from 
these points at right angles with the first line, which will represent 
the face of the aisle walls. If a surveyor's compass is at hand, the 
g . r|^ right angle is easily turned off ; 

\\ j4 if not, the best way of proceed- 

i \ / • ing is that shown in Fig. 13, 

» \ / ! where A B is the line of the 

I *\ /' j west front, X Y marking the 

^A, j width of nave and aisles. Find 

/ \ j from the plans the distance Y T, 

/ \, ; from the west front to the angle 

/ \ \ of the transept, and calculate the 

\JY diagonal distance from X to T, 
A Bby adding the squares of X Y 

'** and Y T, and extracting the 

square root of their sum. (The square of the hypothcnuse of a 
right-angled triangle is equal to the sum of the squares on the legsS) 
Then take two tapes and placing the ring of one at X, and 
of the other at Y, measure from X on the first the length of the 
diagonal just found, and on the second the distance Y T, and 
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five feet. (Fig. 16.) Then the two strings will form a right angle, 
since 5 is the hypothenuse of a right-angled triangle whose other 
sides measure 4 and 3 feet. 

Having found the angle approximately by these means, a stake 

should be temporarily driven at the extremity of the long side of the 

rectangle so found, and the other side set out parallel with this, by 

measuring the distance C D (Fig. 16) equal to A B, from the point 

* C, distant on a second line, A C, as far from A as D is distant from 

C D 

l\ /! 
V I 

/ \ I 



A. 




.K 



V B 



Fig. 16. 



Fig. 17. 



B. Then the figure A C D B will be a parallelogram, since its oppo- 
site sides are equal ; but it may not be a rectangle. As a test, the 
diagonals should be measured. If they are unequal, the figure, in- 
stead of being rectangular, has the form of which Fig. 1 7 is an exag- 
gerated representation. To remedy this, move the stake D, at the 
farthest extremity of the longest diagonal, toward the stake C, a dis- 
tance about equal to two-thirds of the difference in length between 
the two diagonals. Then move the stake C an equal distance in the 
same direction, so as to keep the length of that side of the rectangle 
correct. Measure the diagonals again, and if now found to be equal, 
verify all the measurements, then drive the stakes firmly and set cop- 
per tacks as before. This preliminary rectangle having been accu- 
rately marked out, the rest of the work follows easily. 

Lay out the transepts by stretching a line through the eastern side 
of the rectangle just found, prolonging it indefinitely at each end. 
Prolong also the north and south sides of the rectangle indefinitely 
eastward. Lay off the projection of the transept, as figured on the 
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plan, on the extension of the east side of the rectangle ; from this 

point, parallel to the main axis of the building, measure the proper 

width of the transept. Measure the same distance on 

^ctamTlM. *^® prolongation of the north and south sides of the 

rectangle, and from the points thus found lay off again, 

approximately at a right ,^ ^ 

angle, the projection of 
the transept. Join, if 
they do not already co- 
incide, this point to the 
corresponding one found 
by measuring parallel to 
the axis; the place of 
meeting will be the true 
north-east or south-east 
angle of the transept. 
Drive stakes at all the 
angles thus found, and set 
copper tacks to mark the 
exact points. 

These secondary rec- 
tangles, representing the 
transepts, will have their 
angles correct without further trouble, since A C D B having been 
made truly rectangular, the angle, F D E, included between the pro- 
longations of the lines, 1) B and C D, which include a right angle, will 
itself be a right angle, and one angle of the parallelogram, D F G E, 
of which the opposite sides are measured equal, being a right angle, 
the others are also right angles. 

To determine the apsidal curve, both for the walls and the excava- 
tion, it is necessary to fix the centre, from which an arc of the requis- 
ite radius can be struck whenever needed. (A, Fig. 19.) 

The usual way of striking such an arc is to drive a strong stake at 
the centre, with a nail or spike inserted at the proper 

Curve.*^ place in the head of tlie stake, and using a long rod 

with a notch fitting against the central spike and cut 

to the requisite radius to describe the curve. At the first setting-out, 

such a stake may be driven for temporary use, the apsidal semi- 
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circle described and marked with a number of small stakes or a 
line cut in the turf with a spade. Then the excavation can begin 
at this line, but as the central stake would soon be dug away, it 
is necessary to provide means for recovering it at pleasure. This 
can best be done by fixing points entirely outside the excavation 
from which lines can be stretched which will by their intersection 
indicate the point required. For our purposes four such points 
will be necessary. Two of these, J K, may with advantage be sit- 
uated on the prolongations of the lines which show the northern 
and southern ashlar lines of the transepts, and the distance from the 
angles, G and 11, of the transepts should be twice the distance from 
the centre of an imaginary line connecting G and H to the point, A. 
Then two cords, one stretched from H to J, and the other from G to 
K, will cross each other over A. One more step remains to be taken. 
As the stakes which at first indicate the actual points, G and H, will 
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Fig. 19. 
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be removed by the excavation, it is necessary to drive supplementary 
stakes, P and Q, with copper tacks in their heads at any point on the 
lines just found. Then cords, stretched from these intermediate 
points, will serve the same purpose as if drawn through to G and II, 
and the stakes which mark them will not be disturbed. The second- 
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ary rectangles, which are formed by the aisles, tower, porch, robing^ 
room, or organ-room, can be easily laid out in the same manner as 
that described for the transepts. 

As the stakes which now mark the corners of the building will be 
dug away as soon as the excavation is beojun, it is necessary to pro- 
vide some further means by which their positions can still be shown 
when the stakes themselves are removed. This is done in much the 
same way that the centre of the apse circle was fixed, — by making 
the point to be marked fall at the intersection of two straight lines 
drawn from some more distant stations, which in the case of the cor- 
ners of a rectangle may best be situated on the prolongations of its 
sides, as shown in Fig. 20, where the point, A, is marked with as 
much precision by the intersection of the lines stretched from the in- 
definite points, X and Y, as it would be by a stake. 






Fig. 21. 
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Fig. 20. Fig. 22. 

In practice, the points, X and Y, are usually given, not by stakes, but 



Batter-Boards. 



by notcJies, or horizontal "batter-boards," which are 
nailed to stout stakes, five or six feet apart. (Fig. 21.) 
Two of these batter-boards are necessary to determine each angle 
(Fig. 22), and as it is of great importance that they should be firm 
and permanent, they must be set up four or five feet back from the 
edge of the excavation, or more, if this is to be very deep, and the 
stakes set firmly in the ground. They must, moreover, be as nearly 
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on a level as possible, those which stand at the lower portions of the 
site being raised on high but strong stakes. Having set up these 
batter-boards opposite the corners already found, lines 
should be stretched between them (Fig. 23) so as to coin- 

tcide with the lines already marked by the stakes. Plumb- 
lines suspended from the cords over the stakes will show 
I when they pass exactly over the copper tacks which mark 

! the precise points to be transferred, and as each line is 

I accurately fixed, a small notch should be cut in the board 

• where the string passes over it. When all the lines are 
! fixed upon the batter-boards, the first set of notches will, 
f if the ashlar face of the walls was taken for the measure- 

• ments, serve at any time to fix the line of that face 
p. for any wall. The projection of the water-table or base 

course beyond the ashlar surface, the projection of the 
outer face of the foundation, the thickness both of the foundation 
and the superstructure, can be indicated by notches on the batter- 
boards, measured from the original notch, and marked so that they 
can be readily distinguished, as shown in Fig. 24. 



ii II 



Fig. 24. 

It is well to fix one battei^board, at least, at the height of some 
given level of the building, as for instance, at the top of the water- 
table. If an engineer is at hand, or if the architect ^ 

, , , . Bench Mark* 

or contractor can use a level, there is a great advantage 

in setting the top of all the batter-boards at exactly this height : then 
the masons will be able, when the time comes for setting this course, 
to level across from the batter-boards at various points, and thus 
obtain a line more perfectly horizontal, and with less trouble than 
would be possible by starting from a single point. 

The fixing of the batter-boards completes the setting-out of the 
building, and a line may then be cut with spades, some fifteen or six. 
teen inches outside of the original stakes, which can then be removed 
and the work of excavation begun. 
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All the business of staking out the building belongs properlj to the 
contractor, unless an engineer is employed, but the architect should 

always be pres- 
importance ent to see it done 

and verify the 

m e a s u rements, ^ 



and especially to observe the 



of Correct 
Plantation. 



accuracy of the angles. The 
crucial test of the rectangularity 
of the lines is the measurement 
of the diagonals, which should 
be insisted upon, and the stakes 




Fig. 25. 



shifted patiently until they are correct. If this is not attended to 
at the outset, the superintendent is very likely to see subsequently 
the upper walls here and there overhanging the foundation, in the 
attempt to bring back the superstructure to its proper shape (Fig. 25); 
or, in the finishing, to find doors and windows unexpectedly cramped 
or thrown out of centre, the pattern of the tesselated pavement 
tapering off to nothing at one end, the frescoed ceilings misshapen, 
carpets fitting badly, or some other of the innumerable vexations and 
irremediable conserjuences of incorrect setting-out. 

While the workmen are cutting the sod in long strips and rolling 
it up, which may be desirable if it can be used for improving por- 
tions of the lot, it is necessary to choose places where the loam from 
the surface and the gravel from beneath may be piled 
Disposal of up separately in " spoil-banks," out of the way of 

^^^^.^•^ building operations, but near at hand for use in the 
Materiaia » •.. -vx i . . 

subsequent grading. Nothmg is more common than 

to see the earth from a cellar thrown out at one edge of the exca- 
vation, to be soon after shovelled over again in order to dig a place 
for some pier or post ; then, perhaps, the middle of the heap turned 
over a third time, to cut a trench for drain or other pipes, and 
finally the greater part of the mass shovelled again into wheel- 
barrows, and transported halfway around the building, to be used 
for grading up in some place on the other side, where it might just 
as wtH have been thrown in the first place. 

Let the young superintendent, therefore, think where the gravel is 
likely to be used for grading or road-building, and how the hf.^^s 
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can be most conveniently arranged, in reference botli to its future 
use, and to the least laborious mode of bringing it from the cellar. 
The amount of material which the cellar will furnish can be approxi- 
mately estimated with very little trouble, as well as the quantity 
which will be needed for the grading about the building, so that if 
there proves to be a surplus which must be provided for, places may 
be arranged for disposing of it, either in filling up hollows about the 
lot, grading the approaches, forming terraces, or other improve- 
ments ; and the earth may then be excavated from the cellar, hauled 
to the place designated, and dumped in immediately, without having 
to be twice handled. Wherever grass is intended to cover the new 
surface, loam must be piled near, or brought from other parts of the 
excavation. 

The location of the avenues and paths, with the drainage works 
necessary, should be determined at the outset, and marked upon the 
plan which the superintendent must have always at hand to refer to. 

A large space on the most level part of the ground, and not far 
from the principal entrance, should be reserved for unloading and 
piling up timber, and for framing. Room must also be left for de- 
livering stone at various points around the building, 
and for other materials. Especially should the area Re^Mved ?or 
about the main entrance be kept free of obstruction. Materials. 
These cares properly belong to the contractor, since 
the extra expense and delay caused by re-handling and improper dis- 
posal of material must be paid by him, but the efficient and intelligent 
conduct of such works is indirectly advantageous to all parties, and 
the superintendent, by his greater familiarity with the plans, as well, 
perhaps, as his superior skill in interpreting their indications, is able 
to foresee future contingencies more clearly even than those who will 
suffer most by want of due precaution. 

Applying these observations to our present building, we notice the 
conditions to be as follows : The street runs along the south side of 
the lot; and the ground sloping gently toward the east, the best place 
for the entrance roadway will be near the western end 
of the building, arranging it, if no other considerations "*' 

oppose, so that the grade will ascend slightly from the street This 
will be of advantage in securing an outlet for water into the street- 
gutters during heavy rains. The building is not on the crest of the 
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liill, the ground rising continuously westward. It will therefore be 
necessary, in order to prevent the water running down the hill from 
reaching the walls, which it would soon saturate, to grade up at the 
west front of the church sufficiently to turn it back by a slight slope 
in the reverse direction ; and it will improve the appearance of the 
structure to have this graded surface somewhat extensive, so as to 
form a plateau in front of the building, nearly level, and spacious 
enough to turn a carriage easily. This level will be continued along 
the south wall of the church as far as the porch opening into the 
south transept, forming a terrace, wide enough for a foot-path, and 
regaining the natural surface southward and eastward by easy slopes. 

The avenue crosses a small natural basin before reaching the pla- 
teau, and beyond it continues along the north side of the building to 
the sheds, which are situated at some distance to the north-east. A 
separate foot-path from the street leads to the entrances of the robing- 
room and the society-room in the basement. 

The gravel from the excavation will therefore be principally needed 
for the plateau and terrace on the west and south sides, and for the 
paths and avenues ; and the loam will nearly all be used on the south 
side, where a deep soil is desirable to insure a good growth of grass. 
It should therefore, as it is stripped from the surface of the excava- 
tion, be piled in a heap south of the south transept. 

It will be very advantageous for the avenue to have it hardened by 
the traffic of heavy teams bringing materials, and equally an advan- 
tage for the teams to have a practicable road for wet weather, in- 
stead of being obliged to go over the grass-land, which is soon cut 
into a mass of mud. Hence whUe the turf and loam 
Avenue .^ ^j^jug stripped off the site of the church, the drive- 
way should be staked out, together with the plateau 
in front of the church, and the terrace, and in order that the new 
material may unite with the subsoil beneath, the surface should be 
ploughed, the loam taken off, and added to the main *^ spoil-bank." 

As fast as this is done, a gang of laborers should dig a trench 
eighteen inches wide and two feet deep on each side of the roadway, 
throwing the gravel into the middle ; and then fill these trenches half 
full of stones, put six inches of hay or straw over the stonea, and 
throw back gravel enough to fill the trenches. 

The French drain, or trench filled with stones, should be c^.tiaued 
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around the side of the plateau next the hill, and made considerably 
deeper in that place — three to six feet, according to the springiness 
of the soiL The object of it is to prevent water from working in at 
the sides and softening the gravel of the road just below the surface, 
breaking this up, however hard it may have become. If stones can- 
not be had, agricultural drain-tile may be laid in the trench, and the 
joints covered over with a piece of paper before filling up with 
gravel. The road thus defended against the undermining influence 
of water from the sides will soon be dry and hard, though below the 
general surface, and ready for the gravel-carts which will by this 
time be ready to bring their loads from the cellar excavation, coming 
to the surface by a runway at the eastern end, where the height is 
least, and passing along the rudimentary avenue at the north side of 
the building to deposit them, first on the plateau, until that is brought 
up to the height required, and then upon the avenue, a sufficient 
quantity being dumped in the hollow near the end to bring up the 
grade to a uniform slope with the rest 

Besides the deep intercepting drain around the upper edge of the 
plateau, it is best in all but the most porous soils to make anothei 
French drain under the plateau itself, in the shape of a V, the ver- 
tex of which points up the bill, while the extremities of the legs end 
in the road drains, one to the north and the other to the south of the 
western end of the church. This will prevent the water which falls 
upon or gets in beneath the fresh surface of the plateau from running 
along the comparatively hard, sloping stratum of natural soil beneath 
toward the foundation walls of the building, which will soon be pen- 
etrated by its persistent flow. It will be best to leave the avenues at 
a grade about six inches below the final level. If well drained they 
will soon become hard under the heavy traflic, and a final coating of 
six inches of screened gravel at the completion of the building, 
brought to a neat surface, will give a good and durable finish to the 
work. 

The terracing along the south side may be provided for most 
economically, if the ground is firm, by directing the excavated mate- 
rial on that side to be thrown out on the bank without loading into 
carts ; but if the soil is soft or sandy, the edge of the excavation must 
not be weighted with material until the cellar walls are built, or it is 
liable to cave in. 
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Tlie contractor for the building is not obliged to do all these works, 
unless tbey are mentioned in the specification or contract. In gen- 
eral, if there is no agreement otherwise, the builder is expected to 
take off and reserve the sods, transport and pile tJie loam and gravel 
separately wherever directed within the bounds of a reasonably large 
lot, but he would not be expected to spread and level the material, 
except about the building, unless such levelling were mentioned spe- 
cifically. The other works mentioned, although they are best carried 
on at the same time, would be included in a separate contract in con- 
nection with the subsequent terracing, planting, sodding, or gardener's 
work which might be determined upon for the general adornment of 
the lot. 

To recapitulate the most important things to be remembered, and 
Recapltula- precautions to be observed in first laying out the build- 
tion- ing and starting the work : — 

Examine the figures on the plans, to see if they are correct, 

See that the steel or other tapes used arc divided into feet and 
inches, not into feet and tenths of a foot. 

Stake out provisionally the actual ashlar lines of the building. 

Measure the diagonals of the principal rectangles. 

Transfer the lines given by the stakes to batter-boards, permanently 
fixed. If the ground is not level, or nearly so, the horizontal dimen- 
sions must be measured level, and transferred to the stakes by a 
plumb-line. After determining the ashlar lines, the foundation-walls 
should be marked on the batter-boards, and the lines of the excava* 
tion given about eight inches outside tlie face of the foundations. 

Set some permanent mark representing either the top of the floor- 
beams, the water-table, or any other convenient level, providing care- 
fully for the change in the surface of the ground which will be made 
by the subsequent grading. Write distinctly on this stake or " bench 
mark " the level which it is intended to represent, and also the depth 
of the cellar bottom below it, allowing three inches for concrete. 

Consider and decide about the laying-out of the lot, and if any of 
the avenues can be used in the building operations have them imme- 
diately staked out, cleared of loam, and drained. 

Confer with the contractor in regard to the most convenient place 
for delivering the materials and dumping gravel. Explain to him 
he future plan of grading, and interest him in 3'our provisions for 
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avoiding annecessary handling of the earth, so that your directions 
may not seem arbitrary. Remember to leave spaces as follows : — 

Not 1668 than 2,500 square feet for piles of lumber. 

Two or three plots of 500 square feet each for brick and rubble. 

About 500 square feet for other materials. 
These to be near the building, but leaving space for heavy teams to 
drive up, unload, turn, and go out. Space may also be needed near 
the street as follows : — 

1,000 square feet for stone-cutting sheds. 
1,000 " " rough blocks of stone. 

Determine the position of the main provisional entrance, and keep 
the approach to it clear. This entrance need not necessarily be one 
of the regular church doors. In this instance, the main access to the 
church, through the tower, is somewhat tortuous for the introduction 
of long timbers or other bulky materials, so that it will be best to 
provide a temporaryone, which can be done by leaving the arch of 
the large west window open down to the ground. When the neces- 
sity for so large an entrance is over, the wall can easily be built up 
as high as the sill. 

SECOND VISIT. 

We will suppose that the matters treated of in the foregoing notes 
have been satisfactorily disposed of, and the laborers have been some 
days at work. By this time it will be necessary to appear again up- 
on the ground. The second visit finds the loam removed, and the 
excavations completed down to the cellar bottom at the western end. 
Teams are hauling rubble-stone for cellar walls, and a car-load of 
staging lumber has arrived on the ground. 

Let the superintendent begin by going all around the outside of 
the building, comparing the excavated lines with the marks on the 
batter-boards. Any mistakes should be pointed out 
at once, before they are driven from the mind by ^sji^^lon?" 
other matters. Next, let him make the tour of the in- 
side of the excavation, examining the bank carefully. He finds the 
ground at the lower, or eastern end to be a fine gravel mixed with 
stones. The bank at the upper end, for five or six 
feet below the surface, is composed of a similar gravel, of the 
but below this appears a stratum of greenish clay, hard Excavation, 
at the upper part, but softening into mud below. The clay continues 
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OlayStratum. 



along the bank to the site of the tower, where it ends in a large mass 
of loose slaty rock, from which water trickles rapidly. The south 
side of the tower excavation shows only gravel. 

These appearances demand careful consideration, for they indicate 
a state of affairs involving both serious dangers to be overcome, and 
costly extra works to be planned, and the payment for them satis- 
factorily arranged. 

The operations which will be necessary in the present case will be 
best understood by going through a process of reasoning similar to 
that which should occupy the superintendent's mind on viewing the 
circumstances. 

The appearance of the hard clay stratum a short distance below 
the gravel at the upper side of the excavation warns us that it is first 
of all necessary to cut off the water, which in rainy 
weather will soak through the gravel, and collecting 
on top of the clay will follow it down hill in a wide, shallow sh^et, 
BO that the foundation wall, at the line where the clay stratum comes 

against it, would soon be soaked. 
We have had the trenches cut eight 
inches wider than the wall, express- 
ly for the purpose of allowing this 
to be bmlt up smooth and independ- 
ent on the outside, and protecting 
it by filling the vacant space with 
gravel, which will intercept a part 
of the descending sheet, but this is 
not enough ; a trench must be dug a 
few feet in front of the west wall 
of the church, deep enough to cut 
into the clay stratum the whole 
length. If the clay bed slopes northward or southward, as well as 
eastward, the trench may follow it downward, discharging into one of 
the road drains. (Fig. 26.) If its section in that direction is hori- 
zontal, the trench may take the form of a shallow V, with an outlet 
at each end. These trenches are to be half filled with loose stones, 
covered with straw or hay, and filled up with gravcL 

The water descending the hill on the surface of the clay stratum 
is thus completely intercepted, and if it were not for the ledge of 
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roeksy which, as we have ascertained, extends heneath the clay bed, 
there would be no need of any further precautions, unless to give a 
little extra depth to the trenches in the clay, to insure against the 
effects of froBt, which will penetrate a foot deeper in a clay soil than 
in dry gravel. 

But by cloeer attention we shall find that the clay bed is uniformly 
hardest at the top, and grows softer downward, being softest just 
above the ledge. This means that the rain falling on the hill above, 
filtering down through the gravel and clay strata till it reaches the 
rock, is there arrested and compelled to descend along its surface, 
working its way between the stone and the overlying clay, which it 
reduces to a mud so thin, after protracted wet weather, 
that the superincumbent material will slide along tl^e fna luJcRfc*** 
top of the ledge thus lubricated, if any way is open for 
it to escape. The indications are that the ledge extends along the whole 
western line of the building, and by excavating the church cellar, a 
space will be open into which the clay, pressed upon by the weight of 
the walls which come over that portion of the foundation, will be able 
to force its way, the cellar floor rising and the wall settling, as the 
soft mud beneath is squeezed out under the load. (Fig. 27.) This is 

no imaginary danger, 
but is the certain con- 
sequence of the oper- 
ations proposed. How 
can the programme be 
changed to meet the 
difficulty? 

It might be possible 
to cut an intercepting trench in the ledge, similar to that by which we 
propose to cut off the water descending on the surface of the clay ; 
but this would be expensive, and there might be seams of loose rock, 
like that found under the tower, through which the streams would run 
in the interior of the ledge, and coming again to its surface below the 
trench, would render this useless. 

Might not the foundation be carried through the clay to the rock 
teelf? 

This would be effectual in preventing settlement, but from the in- • 
lination of the surface of the ledge exposed under the tower at the 
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north-west comer, we can roughly estimate that the rock under the 
north-west angle would he at least ten feet below the cellar bottom, 
and to carry the foundation to this depth would add materially to the 
cost of the building. Besides, it would be hardly wise to dam up the 
descending water by a continuous wall, which would be in danger of 
being gradually undermined by the flow. Rather let us bring up piers 
from the rock, with arches below the cellar floor level, and the wall 
can then rest on these arches without danger of settlement, while the 
water will find its way between them and continue its course, far 
enough below the cellar floor to do no harm. For these piers we will 
use concrete, which will be much cheaper than brick or stone masonry, 
and will resist better the undermining action of the subterranean 
water. 

A short deliberation is needed to convince us that this is the best 
mode of overcoming the difficulty, and the arches are marked out on 
the foundation plan, through the whole extent of the west front, 
leaving the largest opening in the middle of the wall, under the great 
west window. Whether similar arches shall be continued under the 
north and south walls is next to be considered ; but these are so much 
lighter than the west gable wall that their e£Eect on the clay bed 
would be far less ; moreover, this bed is here at a much greater dis- 
tance from the surface, and, most important of all, the effect of a 
vertical pressure would be to press it outward, instead of inward 
toward the excavation, so that the weight and inertia of the whole 
depth of gravel above it will operate to keep it in place. There is 
some danger of unequal settlement at the junction of these walls, 
which stand on slightly compressible gravel, with the west wall, which 
by its piers extends to the incompressible rock ; so we will enlarge the 
footings of these walls near the junction, thereby spreading the 
weight over a large surface, and reducing the land on each square 
foot of gravel so far that it will be borne without any yielding. An 
additional six inches on each side, obtained by adding one course of 
footings, will suffice, if the stones are reasonably flat, and making a 
memorandum of this we proceed to consider the foundation of the 
tower. 

Here there is no doubt as to the support, the rock being every- 
where above or near the level of the footings. The point requir- 
ing most attention is the spring of water flowing from the seam of 
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loose rock. There is only one thing to be thought of; that is, to 
collect this water in a covered receptacle which cannot overflow, and 
convey it by a tight conduit to a safe outfall beyond 
the walls of the building. This will be somewhat costly, ^i^^Rock!" 
and the builder, and perhaps the church committee, 
desirous of avoiding needless expense, will quote the example of other 
structures in the neighborhood which have uncovered springs in the 
cellar, and where they are allowed to flow away by an open channel, 
but the architect or superintendent should not allow himself to be 
persuaded by these arguments. He will find, ^ ^® «« ^« ,, 
cares to inquire, that in every one of the buildings 
mentioned, the cellar walls and ceilings are dripping with moisture, 
the first story beams are blackening with incipient decay, the struc- 
tures themselves are chilly and diflUcult to warm in winter, and a pen- 
etrating smell hangs about them in summer, especially after rains. 

These are the houses where the young people die of consumption, 
one after the other ; or the churches that one enters with a sudden de- 
pression of spirits, and leaves with a headache or a cold. Let the 
architect claim the authority due to superior knowledge, and refuse 
to sanction anything short of absolute security against water within 
the cellar walls. 

Fortunately, there is but one spring, although that is a copious one, 
flowing some fifty gallons per hour. We will therefore excavate, by 
pick and by blasting, a rough well on the line of the seam, just out- 
side the cellar wall, and carried to a depth of at least 2^ feet below 
the cellar floor. If there had been several water-bearing seams, we 
should have been compelled, instead of excavating the well outside 
the wall, to make it beneath the wall itself, by cutting the trenches 
two feet or more below the cellar floor, and putting in the first founda- 
tion stones dry, without mortar, so that the water could collect in the 
vacant spaces. This would keep the moisture from invading the 
cellar, but the wall might be damp from the water standing beneath 
it, so that a well entirely outside of the wall is preferable. We will, 
however, to provide for the possibility of water coming in wet weather 
through seams now dry, deepen the trenches about a foot, and lay 
the first course of stones dry, bringing this trench into communica- 
tion with the well, so that water entering under any part of the wall 
will find its way to the well. A cliannel is then to be made, and a 
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tight pipe laid with cemented joints below the cellar floor from the 
well, across the tower and under the opposite wall to the outside of 
the bulldingi until the gravel is reached, where the pipe may end in 
a pit filled with loose stones. 

Having plainly indicated the arches, piers, drains and well, the 
question is to be settled, — Who shall pay for all this extra work ? 

The principle to be kept in view in the decision is that, unless 
some special agreement has been made, the builder cannot be obliged 
to pay the cost of extra foundation, concrete, or other works ren- 
dered necessary by peculiarities of the ground which could not 
have been reasonably expected or foreseen when the contract was 
signed : he is, however, assumed to have examined the ground where 
the proposed building was to stand, and to have included in his con- 
tract price the risk of common defects, such as clay beds in gravel, 
rock in a spot where the ledge appears on the surface near by, or of 
springs in any soil. 

Of course the best way would have been to bore at different points 
around the building, to find out the depth and nature of the soil, and 
by the light of these tests to draw the foundation plans and specify 
the various works, but this is rarely done in ordinary buildings, and 
the object of this treatise is as much to come to the rescue in the com- 
mon cases of forgetfulness, omission, or unforeseen difficulty, as to 
point out the course which would be absolutely the best for all 
buildings. 

In the present case, it is decided that, the clay seam being a com- 
mon occurrence in gravelly soils, the contractor shall bear the expense 
of the trench and drain for cutting off the water which would flow 
over its surface toward the building ; and shall also 
Apportk>nmttnt ^^^ ^^^ ^^^ drain to carry off the spring-water from 
under the tower ; but that the cost of carrying down 
the foundations of the west wall beyond the point shown on the 
drawings, the extra width of footings under the north wall, and the 
necessary blasting under the tower, shall fall on the church, for the 
reason that the ledge did not appear above ground anywhere near 
the site of the building, and therefore its existence so near the sur- 
face as to interfere with the foundations would not reasonably be 
inferred with sufficient certainty to form an element in the contract 
price ; the same rule applying also to the clay bed resting on the rock. 



BUILDING SUPERINTENDENCE. 5^5 

The new work should be clearly described in a supplementary 
specification, giving the proportion of cement, sand, and pebbles in 
the concrete, mentioning the large fiat stones which should form the 
upper part of the piers, and from which the arches will spring ; re- 
quiring that the arches shall be built on centres, of good, hard brick, 
in mortar made with one part sand to one of cement, in four row- 
locks for the small arches, and dve in the large one ; with any other 
particulars which may make the meaning more clear. The drawings 
should be rectified by notes and diagrams in the margin, a record of 
all the facts, with copies of all instructions and orders, kept by the 
superintendent, and a price agreed upon, setting off against the cost 
of blasting under the tower the amount of earth excavation saved, 
and the value of the rough stone obtained. An additional agree- 
ment, embodying the supplementary specification and the extra price 
agreed upon, is drawn up, signed by both parties, and attached to 
the ori^al contract, and the work is ready to proceed. 

All this sounds long, but it is time weU spent, for a few hours more 
in arranging the preliminaries will save days as well as dollars to 
both parties in the final settlement. A glance at the rough stone 
delivered, with an admonition to the builder to get the footing-stones 
as flat as possible, and the summary sending off the ground of a lot 
of staging lumber which has just arrived, containing a number of 
knotty and shaky poles, calling the builder's attention at the same 
time to their rejection, may terminate our duties for the day. 

THE THIBD AND FOURTH VISITS. 

Very soon after these affairs have been agreed upon it will be 
necessary to make another visit to the building, to see that the 
execution is rightly begun. 

We find the excavation finished, the blasting done under the tower, 
the collecting well and pipe completed, and the foundation-wall under 
that part already some five feet high. There is no other stone-work 
started, and thinking it a little strange that this, the most difficult 
point of the work, should have been begun first, we examine the wall 
minutely. The inside face looks all right, the stones being perhaps a 
little small; but that may be the way tlie stone runs. Outside, the 
gravel has been filled in nearly to the top of the stone-work. We 
borrow a crowbar and force it into the gravel outside the wall in 
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several places. Except a softness of the material, which shows that 
it has not been properly rammed, or *^ puddled " by wetting it thor- 
oughly, so as to pack it closely into its place, we observe nothing out 
of the way until we approach the corner, where for some feet the 
bar, instead of sinking its full length, close to the outside of the wall, 
strikes against the solid rock not far down. We call the foreman 
and ask him if the foundation-wall stands entirely clear of the ledge. 
He hesitates, and finally replies that the ledge, after being cut away 
through part of the thickness of the wall, showed such a '* nice flat 
top " that it seemed a pity to excavate it any farther, and he had 
therefore built up a thin wall against it as high as the top, and then 
built out over the rock to make the full thickness of the wall as shown 
on the plans. He adds, with great apparent confidence, that '' noth- 
ing can be better for part of the wall than the solid rock." 

This explanation is specious, but in practice is dangerously mis- 
leading. In a wall so built, the water will find its way either through 
the imperceptible seams of 
the ledge or over its top 
into the body of the mason- 
ry, keeping it constantly I 
damp. Moreover, there isL^ , 
a serious risk that under 

the heavy weight of the -r ^ 

tower, the thin lining wall 

built up agamst the ledge, 

but in no way bonded to 

it, would separate from it Fig. 28. 

and fall away, leaving the superinoumbent masonry most insecurely 

supported. 

There is, besides, the certainty that the foundation-wall, built partly 
on unyielding rock, and partly of small stones laid in compressible 
mortar, will settle unequally, and crack, perhaps dislocating the 
masonry above, and at least opening an inlet for moisture. The 
work must therefore be immediately taken down to the very founda- 
tion, and the ledge cut away so as to leave ample space for the whole 
thickness of the cellar wall down to the footings, with seven or eight 
inches additional room outside the masonry to enable it to be properly 
pointed, and for packing in behind it a screen of gravel, which will 
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intercept and carry safely down to the drains whatever water may 
ooze through the veins of the rock. The workmen will probably 
profess never to have heard of a foundation in which the bank was 
not intentionally cut just to coincide with the outside 
line of the wall, so that this could be built up directly of Foundation- 
against it, thereby saving them all the trouble of Walls, 
selecting stones for this side, so as to have it smooth ; plumbing it, to 
get it vertical ; and pointing it, so as to have it impervious. It is 
true that this is the common method of cheap builders, but it is not, 
and should not be, countenanced in work of any importance, even 
in dwelling-houses, except of the lightest and cheapest kind. 

A wall built in this way (Fig. 29) is neither safe nor satisfac- 
tory. The joints at the back, being concealed, are usually devoid of 
mortar, or if any is put in, it falls out again, 
so that a gradual compression of the outer 
portion is liable to take place, as the weight 
of the superstructure increases, bulging the 
inner face of the wall toward the cellar, and 
the unfilled cavities next the bank collect the 
water which trickles down by them, and con- 
duct it into the heart of the masonry, while 
the projecting points of the larger stones 
imbed themselves in the earth, so that when 
this freezes and expands, the wall is often 
lifted as if by a number of short levers, dis- 
locating the joints and making channels for 
moisture through them. It is actually much more important to 
have the outside of a cellar wall smooth than the inside. If the 
stones are selected so as to show a good face on the outer surface, 
the joints well filled with cement mortar, and pointed with due 
care as the work proceeds, holding the trowel used for pointing 
Miquelyi so as to ^* weather" the joint, as the workmen say 
(Fig. 30), any moisture which runs out from the bank, or descends 
from above, and flows d6wn over the outer face of the wall, will, when 
it meets a joint, drip off, falling on the inclined surface of cement, 
by which it will be conducted safely over the edge of the next stone 
. to run down and drip off again, until it reaches the bottom, where it 
passes off in the drain, without having been able anywhere to pene- 
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trate into the masonry. This essential point in construction is one 
of the hardest to enforce. It is so habitual with ordinary workmen to 
neglect the portions which will be concealed, and expend their skill 

on the visible inner surface, that 
some* explanations given to indi- 
vidual men will be necessary, es- 
pecially of the proper method of 
pointing, besides a good deal of 
watching, to see that the directions 
are followed. 

Having given the requisite orders 
for taking down the objectionable 
masonry, excavating tlie ledge 
properly, and rebuilding in the 

-« " f ""^ manner described,. we will pursue 

• •' *>'| V I \ our tour around the building. Close 

f *' •;. '[ y J _ '' by we come to the pits prepared for 

Fiff- 30. the concrete piers which are to ex- 

tend the foundation of the west wall down to the rock. The sides of 
the deepest holes are sustained by a shoring of planks and beams, 
and the contractor is awaiting orders to put in the concrete. We 
examine the pits to make sure that the ledge is exposed at the bot- 
tom, and clear of clay, which would prevent the concrete from 
attaching itself to the rock. The deepest excavation, we find, has 
struck a spring, which runs copiously over the surface of the ledge 
at the bottom, and the contractor says, with reason, that the cement 
will be washed out of his concrete as fast as he puts it in. There is 
a remedy for that ; but before beginning the concreting we must test 
the quality of the materials. Meanwhile, we send a boy to fetch a 
dozen yards of oiled cotton cloth. 

In accordance with our previous directions, the contractor has 

screened the gravel which ho proposes to use, and 

Mak/ns? ^^® ^^^^ P*''' ^^ heaped up on one side of a large 

plank mortar-bed, while the coarser pebbles are piled 

on the other. The fine gravel, or rather sand, when rubbed in the 

hand gives a dry, crackling sound, and is prickly to the skin. We 

wet some of it, and grasp a quantity. On opening the hand it will 

not retain its shape, but falls down loosely, and does not soil the 
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skin. It is therefore sharp and clean, suitable to be used for mortar 
or concrete without washing. If it should happen that the sand is 
very fine, it may still be used, if sharp and clean, but 
the proportion of fine sand hy measure to a given 
quantity of cement should be less than that of coarse, and the coarser 
kinds are much to be preferred. The rounded pebbles screened out 
of the gravel are free from earth or clay, but some dust clings to 
them, which would prevent the perfect adherence of the cement to 
their surface, and we direct them to be thoroughly washed by throw- 
ing buckets of water over them. 

Some officious individual has added to the heap a quantity of the 
angular fragments of disintegrated rock from the tower foundation, 
but these, although excellent in shape, we find to be somewhat coated 
with the clay which has been washed into the rock seams, and there- 
fore unfit for concrete unless washed clean. ^This would be a long 
process, since any admixture of clay clings very persistently to sand 
or stone, and is very injurious unless entirely removed, so, as we 
have an ample supply of cleaner material at hand, we order all the 
clayey fragments to be taken away. 

The cement is next to be passed upon. Of this we find ready for 
us a large number of barrels, bearing a great variety of brands, and 
gathered from the stocks of all the local dealers within reach. Among 
them are casks from the Newark Lime and Cement Company, F. O. 
Norton & Co., Connolly & Shafer, the James Cement Company, be- 
sides a few barrels with other marks. The mason is in a hurry to 
begin, so we tell him to use at once any of the F. O. Norton or the 
Newark cement that has not been damaged. The first cask of these 
which is opened contains a crust of hardened cement three or four 
inches thick, but the enclosed portion remains in its normal state of 
fine powder. We order the crust to be rejected, but allow the inner 
portion to be used. The other barrels seem uninjured. Meanwhile, 
casting an eye now and then on the mortar mixers to see that they 
put conscientiously one shovelful of cement to two of sand, and 
thoroughly mix the dry sand and cement before adding water, we 
proceed to test roughly all the brands of cement before us with which 
we are not familiar. 

Masons have various ways by which they profess to form an 
opinion of the goodness of cement. Some dip their hands or arms 
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into the barrel, and if the powder feels warm they pronounoe it 
good ; others taste it, and if it bites the tongue they call it suitable 
Teeting ^^^ ^^> ^^^ strength of the cement being supposed to 
Oemont. be proportional to the intensity of the bite ; and there 
is another common belief that the dark colored Bosendale cement is 
stronger than the light. It is needless to say that all these tests arc 
simply worthless ; in fact, they are principally employed to impose 
upon modest young architects, who can sometimes be deceived by 
such mysterious performances, the result of which is sure to be in 
accordance with the mterests of the party applying the tests. 

Let us cast aside these divinations, and taking a handful of cement 
from an average barrel of each of the brands, mix it with water into 
a cake, put it in the sun, or in any dry place, for half an hour or 
more, till it acquire^uch a consistency as to be barely indented by 
the pressure of th^end of a match or a stick of equal size, cut 
square, and weighted by resting a brick upon it. Place the cakes in 
some regular order, so that the different varieties of cement of which 
they are made can be distinguished, and as fast as they reach the 
requisite hardness, put them into a tub of water, till all are immersed. 
Note the time required for each one to reach its first ** set " in the 
air. Finally, make a second series of cakes, and leave them exposed 
to the air, without immersion. 

By this time a batch of concrete is mixed ; the sand and cement 
have been thoroughly mingled until no lumps of cement or sandy 
streaks can be discovered in the heap, water is then added, not in too 
great quantity, but enough to give a pudding-like consistency to the 
mass, and the whole is well stirred and shovelled over again ; then the 
stones, which have been well wet before putting them into the mor- 
tar, are added, and all mixed quickly, but thoroughly. If well mixed, 
the bulk of pebbles may be double that of the mortar. The object 
of wetting the stones before adding them is to wash off the light dust 
which very rapidly settles on them, and prevents the adherence of 
the cement. The moisture of the mortar would wash the stones clean 
by long stirring, but time is of importance, and it is best and easiest 
to dash on a few buckets of water at first. 

We begin with the deepest pier of concrete, — the one which has 
to be laid in a stream of running water. Taking the oiled cotton, 
which has by this time been brought, we fashion it into a large, 
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rude bag, nearly water-tight, which is taken down into the hole 
and filled with concrete. The water rises around the edge, but not 
enough to overflow the mass, and after packing the con- 
crete solidly down into its place by means of a wooden crete In Water, 
rammer, we leave this, and proceed to put a layer 
into each of the other excavations, throwing it in from the top, so as 
to compact the mass by the momentum of the fall, as it is not easy to 
reach it with wooden rammers. After dividing the material already 
mixed among all the piers, the concreting should be stopped for the 
day. and the men put on other work, as we are more likely to obtain 
a compact mass by putting it in the pits in twelve-inch layers on suc- 
cessive days than by filling in the whole body at once. The holes 
should be covered with boards to prevent rain from washing in sand 
on top of the layers already deposited. 

The next day, after our regular preliminary tAir, first outside and 
then inside the building, we examine the samples of cement which 
we made up the day before and laid aside. The specimen of the 
Newark Lime and Cement Company's cement left twenty-four hours 
in the air is found to bo quite hard, and breaking the cake with a 
slight pulling strain, much as if it were a stick of candy, we find 
it to possess a very sensible tensile strength, and the two halves sep- 
arate with a clean fracture instead of crumbling. The cake of the 
same brand left in water retains its shape, and has increased con- 
siderably in firmness. The cement may therefore be pronounced 
good, as is usual with that brand. 

The F. O. Norton samples, both in water and in air, show similar 
qualities in at least an equal degree; and all the barrels of this 
brand which on being opened show no signs of caking are accepted. 

The sample in air from the barrels marked " James Cement Co." 
is quite hard, harder than either of the two preceding, and a 
slight bluish efflorescence, like mould, has already begun to appear 
on its surface, but the specimen left under water has crumbled into a 
soft heap. 

Of the Connolly & Shafer manufacture, the portion left in the air 
retains its shape, but has not acquired much consistency : it crushes 
in the fingers like clay. The sample in water is nothing but mud. 

It does not necessarily follow, because this last variety sets slowly, 
that it is essentially bad, but it will be unsafe to use in our concrete. 
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and inconvenient in the masonry, so that unless a second sample 
should show much better qualities, we will discard all the barrels of 
that brand. 

The James cement, which sets quickly and hard in air, bat under 
water breaks up and crumbles, should be rejected for the concrete, 
but may be used for the masonry If the rapidity of its setting 
should interfere with its convenient use, as will very likely be the 
case, especially in hot weather, it should be mixed with a small por- 
tion of lime. 

If none but James cement should be obtainable, or other brands 
having similar characteristics, let the superintendent try whether a 
sample of it mixed with half its bulk of slaked lime and made 
into a ball will set hard under water ; if so, it may be safely used in 
that way, even for concrete. 

Some of the quickest-setting Rosendale cements, when immersed in 
water without having previously acquired a certain degree of hardness 
in the air, will set rapidly, and inunediately crumble again, and never 
acquire any subsequent consistency. With such it is often found that 
the addition of a small quantity of lime will confer upon it the quali- 
ties of the better cements, causing it to set perfectly under water, and 
improving it for use in air by retarding the setting slightly. With 
the very slow-setting cements little can be done unless there is time 
to wait for them. They may do for adding to lime mortar in stone- 
work above ground, where it is desirable to harden the mortar, but 
for foundations, on which the weight is to be rapidly added, or in 
work under water, it is best to avoid the use of any cement whose 
setting is found to be uncertain or long delayed. 

It is unnecessary to say that these tests are by no means such as 
•would be used for engineering work of importance, but they will do 
well enough for rough determinations, and an ample margin of 
strength is, or should be, always left in the smaller operations of con- 
struction. More accurate methods of judging will be described in 
treating of city buildings. 

In the course of our preliminary tour around the works we noticed 
with surprise that one of the concrete piers was already finished, and 
the top nicely smoothed over, and having completed the tests of the 
cement, we return to inquire into the matter, taking the foreman 
with us. We examine the ground closely, and notice some stray 
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pebbles dropped aroun4 the edge of the hole, and some such dialogae 
takes place as the following : — 

Superintendent : — *^ Mr. Foreman, how did you get this pier done 
80 soon ? " 

Foreman: — "Well, sir, we hurried a little on this pier, because 
we wanted it to git set before it rained, and *' — 

Superintendent : — I left word to put in only twelve inches of con- 
crete at a time in each pier." 

Foreman: — " O law, sir, that aint no way to build a pier. There 
aint no one can tell me nothin' about concrete. That's as nice a job 
of concrete as ever '* — 

Superintendent (remembering the scattered pebbles) : ^ " You 
didn*t put the stones in dry and then grout them, did you ? " 

Foreman (slightly taken aback): — *' Well, sir, perhaps, — yes, 
we did : you see, that is the best way to do where you have such, 
coarse sand, and then " — 

Superintendent : — " Get some one here and take that all out. It 
is impossible to tell now how much cement there is in it, but it has 
not begun to set, so if you will take it back to the pen and add a 
shovelful of cement to every two shovelfuls of this, and mix it well, 1 
will let it pass to put into all the piers twelve inches thick." 

Foreman (deferentially) : — " Yes, sir, anything you say, sir." 

Pursuing our way after this little episode we come to a squad of 
men laying footing-stones for the clerestory wall on the gravelly bot- 
tom. These must be carefully looked after, for the 
weight of the clerestory wall being concentrated on JinL'Sonesli*^ 
the piers of the arcade will try the strength of the 
foundation very seriously. The drawings show a continuous foun- 
dation-wally but no inverted arches, it being impossible to get the 
necessary abutment for these without considerable additional ex- 
pense, and it is therefore necessary that the masonry of the foundar 
tion should be well bonded together longitudinally, so as to receive 
ihe pressure as a solid mass ; otherwise the settlement will be greater 
under the piers, and the work will be dangerously dislocated. 

Most of the footing-stones on the ground are good flat pieces, but 
here and there are some misshapen lumps, and one of these, just as 
we come up, is suspended to the derrick boom, ready to lower into 
its place. The men have tried faithfully to hollow out a basin in 
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Vhe gravelly bottom of the trench to fit the irregularities of the stone, 
but when this is lowered into its place, it rocks unsteadily. It is 
raised again, and the bed remodelled. This time the stone fits better, 
but is still unsteady. The men are discussing whether to let it go 
as it is, or try again, when the superintendent comes up, and step- 
ping upon the stone rocks it until he is satisfied that there are no 
large cavities beneath. Sending for buckets of water, he directs 
! fine gravel to be heaped around the stone, picking out 

^"^'watSr.^*^ all pebbles and lumps, and the water to be then thrown 
on, pailful after pailful, or, still better, a stream from 
a hose to be directed upon the mass. The water settles away through 
the sand, searching out all cavities into which it can flow, and car- 
rying particles with it wherever it goes, which gradually compact 
themselves in the hollows under the stone until it can no longer be 
moved. This puddling process is continued a little longer, to make 
sure that a full and perfect bed is formed under the stone, and di- 
rections are given to do the same with all the levellers which have 
uneven beds. 

Where the bottom of the trench is clay or rock, a thick layer of 
cement mortar should be spread to bed the footing-stones in, for the 
purpose of filling up all cavities between the substratum and the 
stone, but in gravelly soil the puddling with water is often much bet- 
ter than the bed of cement, especially with stones of very irregular 
shape. This expedient for filling in cavities under and around ma- 
sonry is capable of still more extended use. The writer once knew 
a case where a church tower had been nearly completed upon a 
foundation badly built and with joints only half-filled with mortar. 
The tower began to settle, and the contractor for the superstructure, 
a man distinguished for his boldness and ingenuity in emergencies, 
sent for the town fire-engine and a quantity of fine sand, and putting 
the sand into the tower cellar, kept the engine playing upon it for 
half a day. The floods of water found their way out through every 
crevice, and wherever the water went the sand followed, until all the 
cavities were packed full. It was heroic treatment, certainly, but 
eflfectual ; the settlement ceased, and the tower stands perfect to this 
day. 

Let us look at the stone delivered on the ground for foundation- 
walls. It is of various kinds, some pieces bciing slaty, some tough, 



BUILDING SUPERINTENDENCE. 45 

with roanded surfaces, like fragments of boulders, as they probably 
are. Many blocks of the greenstone from the tower excavation 
are to be seen, and these should be examined with sus- 
picion, for fear of almost invisible cracks, which will let ^ston©* ^" 
the water soak slowly through, besides unfitting the 
stone to resist a strain. To test them, they should be struck with a 
hammer. If they ring clearly, they are good ; a seam, even if invis- 
ible, will betray itself by the dull sound which follows the blow. The 
boulder stones are usually good, if not too much rounded. One side, at 
least, should be quite fiat, to form the bed. Slate stones vary in dif- 
ferent localities. In some places they are of immense strength if 
placed flat in the wall, and form admirable material ; in others, espe- 
cially in eastern Massachusetts, the tendency to cleavage in the second- 
ary planes, across the laminas, is so decided that the stones, although ap- 
parently sound and strong, will break across after being placed in the 
wall, as soon as the weight of the superstructure comes upon them. This 
is a most annoying defect, as the stones cannot then be taken out, and 
the parts often separate a quarter of an inch or more, making a seam 
which it is difficult to close by pointing. The only way, when a ten- 
dency is noticed in the stone to break up into fragments of regular 
crystalline form, is to avoid using it in long flat pieces, for lintels, 
bond-stones or templates, or in any other position where it will be 
subjected to a cross strain. The softer lime and sand stones, when 
used for foundations, are much less liable to such defects, but being 
somewhat absorbent, special pains must be taken to isolate them from 
the banks of the excavation by a backing of sand or gravel, and to 
provide for thoroughly intercepting and draining off the moisture 
which might come in contact with them. 

An inspection should now be made of the lime, and opportunity 
should be taken to inquire into and criticise the methods that the 
foreman proposes to employ in mixing the mortar for 
the upper portion of the masonry. The barrels have, 
we find, been piled on a slightly elevated spot, the ground descend- 
ing in all directions, so that water may not during heavy rains run 
down against them. Boards have been placed underneath, to keep 
them from the dampness of the ground, and a covering of boards 
has been laid on top, to shelter them from storms. This would not 
be soflicient protection in ordinary cases, but the contractor tells us 
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tbat lie intends to build up the foundations of the chancel at once» 
and lay the floor over them, which will give him a dry place for stor- 
ing materials, and we acquiesce in this arrangement. Two or three 
of the casks in the pile have burst open, and looking in we see some 
of the lumps in them crumbled down into soft powder, while others 
are hard, but remain inert when dipped in water. These are dam- 
aged casks, and must be rejected as worthless, however good the 
original quality of the lime may have been. A large part of the bai^ 
rels are marked '< ground lime," and contain a dingy-colored lime in 
powder. This, if not damaged, will make good mortar, although it 
slakes quietly, and if not pulverized will not slake at all. The mor- 
tar of common ground lime is slightly hydraulic, and. will harden 
under water. In general, the hydraulic limes, which will harden 
under water, or in damp situations, without admixture of cement, 
slake quietly, and need to be ground after burning, while the fat 
limes, such as are used for plastering, slake energetically, and are 
better kept in lumps, so that Uiey may not be slaked by the moisture 
of the air, while the mortar made from them hardens slowly in the 
air, and under water, or in damp soils, never, unless cement is added 
to the mixture, which is usually done where they are used for masonry. 

There is one singular exception to this rule among the American 
limes, of which we shall perhaps find some examples in our miscella- 
neous heap of barrels. Let us open that old flour-barrel, without 
mark of any kind. We discover it to be filled with a black sub- 
stance, in lumps resembling cinders. This black lime is made from 
a beautiful pink marble, and slakes fiercely in water, making a dark- 
colored mortar, which sets like a strong cement Two or three other 
casks, containing white lime, are destitute of brands, and their con- 
tents should be tested by putting a few lumps from each into water. 
The lime from one slakes quickly, but only superficially, leaving a 
hard core. It is therefore underburnt, and must be rejected and 
sent off the ground. The lumps of core, if allowed to get into the 
mortar, would be liable to swell afterwards and crack the joints or 
throw off the pointing. Another barrel contains overburnt lime, 
which remains inactive for a long time in the water, even when pow- 
dered, at last slaking slowly. This must also be discarded ; it is less 
valuable than so much sand. 

The other barrels are stencilled '< Rockland," " Bockport»" ** Car 
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naan,'* ** Glens Falls," " Thomaston," or other well-known brands, and 
if not damaged by water or by gradual au>8laking, are probably all 
good enough for making stone mortar with an admixture of cement. 
In mixing the mortar the foreman should be persuaded, if possible, 
to put on all the water for a batch of lime at once, instead of by suoces- 
siTe buckets, with intervals of stirring between, there- 
by chilling the lime as fast as it begins to heat. Even 
filling the pen with a hose is too long a process for securing the best 
results ; with very active lime the most successful mode is to pour it 
in a mass from a large cask. The proper quantity of water is one- 
and-urhalf barrel to each barrel of average lump lime, and this 
should be measured as accurately as possible. If too much is added, 
the mortar will be thin ; if too little, it will be thick and become dif- 
ficult to work as the slaking proceeds, so that the mixer will add 
more water to the mass, thereby chilling it and putting a stop to the 
slaking process, and a granular, lumpy mortar will be the result. 

Much of the labor of stirring would be saved, and the quality of 
the mortar improved, by covering the pen, as soon as the lime lumps 
have been evenly spread over the bottom and the requisite proportion 
of water added, with a canvas or tarpaulin, and leaving it to itself for 
half an hour or so, during which time the confined steam and heat, 
aiding the action of the water, will reduce the whole to a smooth, 
uniform paste. 

On no account should the lime be slaked on the bare ground or in 
a hollow made by an embankment of sand. Such practices, though 
they still linger in country districts, have long been obsolete in all 
places where good workmanship is held in honor. A water-tight pen 
of planks, about four feet by seven, must be made, with plank bottom, 
and sides about ten inches high. This will give room for treating one 
cask of lime at a time. 

After the lime is slaked and all the lumps reduced to smooth paste, 
it should stand as long as possible before mixing with the sand, which 
may, if the lime is good, be added in the proportion of two parts of 
sand to one of the lime paste, or five to one of dry lime. 

There is a common error that cement will take more sand than 
lime. This arises from the fact that in mixing cement it is generally 
allowable, unless great strength is required, to add sand to the dry 
cement powder in the proportion of three to one, or, as the mixture 
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is usually effected, one shovelful of cement to three of sand, whereas 
for lime mortar the rule of two parts by measure of sand to one of 
lime paste cannot be exceeded without injury; but as the crude lime 
swells in slaking to about two and a half times its original bulk, a 
quantity of sand equal to double the amount of hydrated paste would 
represent five times the bulk of the original lime lumps. If the cein- 
ent were mixed with water before adding the sand, which would be 
impossible, on account of its rapid setting, the result would be the 
same, since the cement expands very slightly, if at all, in slaking. 

Our specifications require that the mortar for foundations should 
be made with ** one-half cement." Let the contractor and his men 
understand that this means one cask of cement to each cask of lime ; 
not one-half a barrel of cement to one of lime, as some masons pre- 
tend to interpret it 

The lime mortar alone will stand for weeks unchanged, but the 
addition of cement causes it to set in a few hours ; it should there- 
fore be mixed only as required for immediate use. Some judgment 
and observation will be needed to make sure that the cement is added 
in the proper proportion, unless it is mixed with the sand previous to 
adding this to the lime, which is not practicable unless it can be used 
immediately, since the cement would slake by absorption of moisture 
from the air on standing. The mixture should be thoroughly made, 
which will be shown by the uniform color of the mortar and the ab- 
sence of streaks or spots. 

Specifications are sometimes ^so loosely drawn as to omit all men- 
tion of the mortar. In such cases the character of the mixture and 
the proportion of materials will depend greatly upon local custom, 
but the practice of mixing the lime for mortar of foundation-walls 
with at least one-half its bulk of hydraulic cement is so universal and 
so necessary, where ground lime or some other variety having hy- 
draulic properties cannot be procured, that it should be required in 
all cases where mortar is used below the ground surface. In wet or 
springy soils, or for heavy buildings, the dose of cement should be 
equal to that of lime. 

As for the quality of materials, neither law nor custom presume 
any but the best to be intended where nothing is said to the contrary 
in the specifications. Under no pretext can damaged or inferior lime 
or cement, or loamy sand, be imposed by a builder upon his employer. 
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THE FIFTH VISIT. 

Before his next visit, let the superintendent provide himself with 
a light steel rod : steel wire three-sixteenths or one-fourth of an inch 
in diameter can be obtained at the hardware stores in pieces about 
five feet long, which answer very well. Let him divide his inspec- 
tion as before : first a tour around the walls outside, then inside ; next 
a survey of the materials inside the excavation, and lastly of those 
outside. The concrete piers are found to be nearly done. They 
should be completed and left for a week or two to harden. The 
footings are nearly all in, the masonry under the north and south ex- 
terior, or aisle walls, is three or four feet above the cellar-bottom, and 
tlie clerestory foundation several courses high. The tower founda- 
tion is also started, and the drainage-well and trench in that place 
ready. We notice dust on the surface of the concrete, which other- 
wise appears well mixed, and is about as hard, and of much the same 
consistency, as ordinary sweet chocolate. By breaking off a piece 
and rubbing it on the hand, a rough judgment can be formed of its 
composition. If it contains too much sand, it will lack coherence, and 
crumble away. We direct that the dust shall be washed clean off 
the surface of the piers before the next layer of concrete is added ; 
otherwise the two layers will not adhere. 

Outside the aisle walls the gravel has been filled in as fast as they 
were built up. This is customary and proper, but we will have a 
hole dug to satisfy ourselves that the outside of the wall has been 
pointed as we directed. If not, we order the whole to be dug out, 
the wall thoroughly wet, and the pointing done in a proper manner. 
If all is satisfactory, we Vill remind the workmen to puddle the 
gravel filling as fast as it is put in, by throwing on water. If water 
is difficult to get, the gravel may be packed with wooden rammers. 
In a clayey soil, the filling next the outside of the wall should not be 
of the excavated material, but gravel or cinders should be obtained, 
at least for the lower part. 

As we pass around the building, we take care to look at the lines 
from which the walls are being built. They will probably be shown 
by cords stretched between the batter-boards, from which plumb-lines 
hanging at intervals serve to transmit the required points to the cel- 
lar-bottom where the men are at work ; and the batter-boards should 
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be examined to see that the cords are attached at the proper notches ; 
if these are correct, we must observe whether the masonry is being 
laid exactly to the lines so given. Notliing is easier than to make 
mistakes in tliese respects at the outset, which will be very difficult 
to remedy afterwards. It may often be observed that a few courses 
in a wall have been built incorrectly, and the line having been soon 
afterward rectified, the masonry is built out, overhanging these courses 
either on one side or the other, so as to recover their proper position. 
Any such work should be immediately taken down, and rebuilt cor- 
rectly from the bottom. A want of firmness and decision in this re- 
spect on the part of the buperintendent will be the source of much 
greater troubles afterwards. 

So far as we observe, the workmanship of the wall is tolerably 
good ; the horizontal joints are well broken, giving a good longitudi- 
nal bond, and the cross bond is maintained by a suffi- 
cient proportion of stones extending through the whole 
thickness of the wall. (Fig. 31.) If any portions had come to our 
notice where vertical joints came one 
above the other (Fig. 32) through __JLJl3iK 
three or four successive courses, we ( "i J^'ilikT/rfifill) V( \\\ii "^ 
should at once have ordered them 
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torn down and rebuilt, but none appear. It will, however, be well 
to watch the men from time to time, and observe their manner of 
working. The acquaintance with their individual characters thus 
formed will save much time subsequently, by showing us in what 
quarters to look most sharply for careless indifference to orders, in- 
tentional shirking, and well-meaning ignorance, as well as where to 
expect intelligence, faithfulness and skill. 

As we pass along by the aisle wall we notice a mason at a little dis- 
tance haranguing his companions on some subject about which he 
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seems to have a flow of words, if not of ideas. Seeing us coming, 
he hastily shovels up a troweLful of gravel and stone chips from be- 
side him, and throws them dry into a cavity in the stone-work before 
him, then dashes a quantity of mortar on the top, and smooths it 
over. To all appearance, his part of the wall is done just like his 
neighbors* work, but our suspicions have been aroused, and we ap- 
proach and thrust the steel rod down into the fresh masonry. The 
supple wire insinuates itself among the stones far down into the wall, 
meeting now and then with the slight resistance due to the soft mor- 
tar, but penetrating many void spaces of considerable size, which 
are instantly detected by the feeling. One or two other trials give 
the same result, and as masonry so laid is liable to settle under the 
weight of the walls above, besides being permeable to water, we 
order the man to take down his work and rebuild it with joints 
properly filled. He grumbles, but begins with a very poor grace to 
remove the stones, while we remain near to see that our direction is 
strictly complied with, testing meanwhile the walling laid by the 
other men, which proves reasonably satisfactory. It is too much to 
expect that all the voids will be completely filled, but the steel rod 
will quickly show the difference between good and bad work. Every 
man whose workmanship is once found to be carelessly or inten- 
tionally defective should be noted, and the portion of wall on which 
each is engaged should be continually tested. 

There are other qualities in rough masonry besides a lai^e propor- 
tion of mortar which are essential to its good quality, and about 
many of these also the steel wand will inform us. 

The usual practice of masons in rough walling is, after setting the 
larger stones, to fill the interstices with " chips," or even pebbles, 
more or less carefully fitted, put in dry ; then to dash in mortar, 
trusting that it will work its way into the crevices. It does so to a 
great extent, especially if the wall is grouted occasionally with thin 
mortar, but the dishonest or indifferent men shirk the trouble of fitting 
in the smaller stones one by one, and content themselves with throw- 
ing in a lump or two of any shape, and then a quantity of small 
chips, which catch in the crevices and hang long enough to allow a 
fair bed of mortar to be spread over them, hiding the empty cavities 
below. This sort of work is immediately detected by the steel rod, 
which can be felt to shake and dislodge the loose pieces. The very 
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best workmen avoid cither of these method s, and place no stone, 
even the smallest chip, except in a bed of mortar prepared to receive 
it, rubbing it well in, and settling it with blows of the trowel or ham- 
mer, «again driving smaller fragments into the mortar which is 
squeezed up around it, so that nowhere does stone meet stone with- 
out a cementing layer. The men who do work of this kind should 
be remembered, and the others incited to imitate them as far as po&> 
sible. 

The following points should be constantly and carefully observed. 
In laying the larger stones, the workmen will of themselves set the 

smoothest face to- 
ward the visible 
side of the wall ; the 
superintendent 
must see that the 
outer side, which 
will be buried in 
the ground, has also 
a good, s m o o t li 
face; that the bot- 
tom bed of each 
stone is level, or 
nearly so ; or if not, 
that - the masonry 
on which it w to 
rest is brought up 
with mortar and 
stone chips to fit 
its concavities be- 
fore it is laid ; that 
there are plenty of 
headers, or bond 
stones, extending 
across the wall from 
side to side to pre- 
vent its splitting; that long stretchers running lengthwise of the 
wall are sufficiently numerous ; and that all angles are tied by long 
stones laid alternately in either wall. (Fig. 83.) 
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Care must be taken in building up the wall to keep in mind the 
position of the window and door openings which are to come above. 
The tendency always is for masonry below a pier to settle under the 
excess of weight, down to the very footings, tearing itself away from 
the less compressed portion under the opening (Fig. 34), so that long 
stones should be built in, extending from the part under the pier 
to that under the opening, to carry the weight out and distribute 
it uniformly over the whole foundation. For the same reason, if the 
sills of openings are built into the wall, instead of being *< slipped " 
in afterwards, they must be pinned up only at the ends, a clear space 
of half an inch being left between their under sides and the masonry 
below tliem, which should not be pointed up until the completion of 
the building : otherwise the settlement of the piers will carry down 
the ends of the sill more than the middle part, and it will be broken. 
The proper proportion of headers varies according to circum- 
stances, but in an ordinary foundation one stone at least in every 
space of five feet square should extend through the whole thickness 
of the wall. 

An opening should be left for drain-pipes to pass out, and for water 
and gas pipes to enter the building, covered with strong stone lintels. 
Neither contractors nor their men ever think of this, unless reminded 
by the superintendent, and in consequence, when the time comes 
for laying the pipes, ragged holes have to be broken through the 
wall, at Jie imminent risk of causing settlements. 

A very important element in determining the character of the 
foundation walling is the height of the masonry above it. Not only 
will a high and heavy wall compress a loamy or other yielding ground 
beneath it more than an adjoining light wall, but the mortar joints in 
the high wall, if laid in the same way as those of the lighter wall, will 
be squeezed into a smaller compass by he greater weight ; a very 
considerable inequality of settlement resulting from the combined 
effect of the two causes, with consequent dislocation of the masonry. 
To illustrate this by the example before us : The tower at the south- 
west corner of the church, disregarding for the present the circum- 
stance that it will stand on a rock foundation, while the adjacent 
walls rest upon gravel and clay, is to be so high, and the masonrjf 
near the bottom so heavily weighted, in comparison with the light 
uid low aisle wall which adjoins it on the south-east, that if the lower 
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portion of the two were to be built up together, in the same manner, 
with stones of the same size, in ordinary mortar, the compression of 
the mortar in the tower under the increasing weight would be so 
much greater than in the aisle wall that by the time the spire was 
finished, of two stones, one in the aisle wall and the other in that of 
the tower, originally set at the same level, the latter might be forced 
down two inches or more lower than the other ; a movement which 
would cause dislocation the whole height of the aisle wall. Many 
stone church-towers show this effect, which can, however, be avoided 
by proper care. There are three ways in which the difficulty may 
be met. One is to make the tower masonry of the largest stones, as 
high as the top of the aisle wall, making the aisle wall of small 
stones. In this way the number of joints in the high wall will be so 
much less than in the low one that although the compression of each 
will be greater, the aggregate settlement will be about the same. 
Another expedient is to make tlie mortar joints in the high wall thin, 
and tliose in the low adjoining wall thick. The third is to lay the 
high wall in cement, and the low one in mortar made mostly of lime; 
then the contraction of the cement joints being relatively much less 
than with lime mortar, the total settlement can be kept nearly e(i[ual 
in the two walls. 

The ratiotiale of the last method depends upon the distinction, 
which should never be lost sight of, between the " setting '* action in 
lime and cement. Strictly sx>oaking, pure lime mortar does not " set." 
The soft paste resulting from the slaking process if exposed to the 
air, or placed on a piece of blotting paper, or between dry and al> 
sorbent bricks, will lose a little of the water used in mixing, leaving 
a firm, damp mass of hydrate of lime, which consists of pure lime 
holding in a loose chemical union about twice its bulk of water. This 
water still continues to evaporate slowly, and the paste to diminish in 
bulk, during a period of months, years, or even centuries, if the wall 
is very thick ; and if the hydrated lime forms the cementing medium 
between the courses of a wall, the wall will settle as long as the evap- 
oration and shrinkage continue. The superposition of a heavy weit^ht 
increases the settlement, partly by the forcing of the semi-plastic 
material out of the joints, and partly by the pressing out of the water 
of hydration more rapidly than it would pass off by natural evapora- 
tion. This indefinite shrinkage of the lime is the principal, perhaps 
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the sole reason for the addition of sand to mortar. The particles of 
sand being incompressible, and divided from each other by thin 
layers of lime, the contraction of these layers exerts a comparatively 
small influence on the total mass, so that a joint of half an inch in 
height, in mortar of lime and sand, will usually settle less than a six- 
teenth of an inch ; while if made of lime only, it might shrink half 
Its width. 

With cement the action is quite different. When mixed into paste 
with water, a few minutes only elapse before the soft paste suddenly 
assumes a firm consistency, so as to resist the impression of a pointed 
instrument. This is the '* set,'* and forms a true chemical reaction, 
by which a portion of the water enters into close combination with 
the cement, from which it cannot afterwards be separated except by 
heating to redness. With the help of this combined water, the con- 
stituents of the cement enter upon a series of reactions by which 
they gradually form a hard stone, little less in bulk than the original 
cement paste, and with some cements even equal to, or greater than 
the volume of paste. This characteristic quality of cement gives it 
great value in controlling the settlement which forms an important 
element in the consideration of stone structures; and by mixing 
cement and lime in different proportions a whole range of mortars 
can be obtained having any desired Quality as to diminution of bulk 
in hardening. 

Returning to our tower, for which we have to choose among the 
three methods of keeping the masonry at the same level in its walls 
and in the comparatively low aisle wall adjoining ; we reflect that to 
lay the tower walls in cement and the adjoining wall in lime mortar 
would be sufficient, but the contrast in color between the brown cem- 
ent joints and the white of the lime would bo objectionable in the 
walls above ground. The same would be the case, in a less degree, 
if we were to lay the tower wall with thin joints, using thick joints in 
the aisle wall. If we lessen the number of joints in the tower, in- 
stead of diminishing their width, by building it of large stones, the 
same end will be attained, and the contrast of the massive masonry 
in the one with the small stones in the other will be rather piquant 
and attractive than otherwise. 

But we must not forget the difficulties presented by the ground be- 
neath the tower and the adjacent walls. The trenches show that 
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under the tower we can reach the rock everywhere, at least hy going 
down two or three feet helow the general bottom of the trenches in 
one corner. All this foundation will then stand on the solid ledge. 
To get a rock foundation for the aisle wall would, however, require 
very deep digging, the ledge sloping rapidly eastward; and yet if 
one wall is built on rock and the other on compressible ground, the 
latter will settle and tear itself away. The soil overlying the rock 
under the aisle wall, as shown by the trench, is gravel, which haa the 
advantage of being practically as incompressible as the rock itself if 
not loaded beyond a certain point. In general, it will not yield per- 
ceptibly under a less load than five tons to the super- 
It yiS'oriiveU ^c**^ ^^^^ ^^* ^ make sure, we will take three tons as 
the limit, as a soil of so little depth over a ledge is less 
reliable than if it were deeper. We will reckon up roughly the weights 
with which the soil is to be loaded. The foundation, allowing an ex- 
tra foot for the excess in width of the footings over the rest of the 
wall, is 12 feet high, 2 feet thick. The wall above is 20 feet high, 
20 inches thick; total, 12 x 2 =24 
20 X 1§ = 83 

— 57 cubic feet of masonry to each 
linear foot of the aisle wall, which at 150 pounds per cubic foot, an 
average weight for such masonry, will amount to 8,550 pounds. 

Of the roof, which slopes at an angle of 45°, about two-thirds the 
weight will come on the aisle wall, the rest being borne by the clere- 
story wall. The roof, measured on the slope, is 15 feet wide, and 
the weight of rafters, boarding and slate, and plaster- 
Calculation of ing on the under side, may be taken at 30 pounds 
Foundation. P^i* superficial foot. Adding the possible weight of 
wet snow and ice, 40 pounds per superficial foot, 
makes 70 pounds per square foot, which multiplied by the width, 15 
feet, gives 1,050 pounds to each linear foot of roof. Two- thirds of 
this, or 700 pounds, is to be added to the previous weight of the ma- 
sonry, 8,560 pounds. 

One more burden must be calculated and added to the rest to find 
the whole load which will need to be sustained by the subsoil beneath 
the wall : that is, the floor, which being level rests half on the aisle 
and half on the clerestory wall. The span is 10 feet, so that 5 square 
feet, weighing SO pounds per foot, with a possible additional load of 
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120 pounds, will give 5 x 150 = 750 pounds more, to be added to the 
total pressure on the footings, the whole amounting to 8,550 + 700 + 
760 = 10,000 pounds, or exactly five tons, on each linear foot of wall. 
As the wall is two feet thick, the weight on each linear foot is divided 
over two superficial feet, making two and one-half tons on each. We 
have increased the spread of the footings from the usual six inches 
on each side to twelve ; this will divide the burden at the point of 
contact with the earth over four square feet instead of two, making 
the pressure but one and one-quarter tons to the superficial foot of 
soil. This is sufiiciently far within the limits of resistance to com- 
pression to give assurance that no settlement of the substratum is to 
be feared. 

We have then only to direct that the largest stones shall be selected 
for the tower and its foundations, that every stone shall be hammered 
well down into its bed, so as to bring the surfaces as nearly as possi- 
ble into contact, and that all the crevices shall be thoroughly filled 
with stone chips and mortar. The aisle wall adjoining is to be built 
of smaller stones, and tied into the tower wall every few feet in 
height with long stones as well as with iron anchors. 

In bedding the tower footing-stones upon the rock, any little ridges 
or projections on the surface of the ledge must be hammered off, so 
as to give a moderately even bed, and small stones and mortar must 
bo built up to fit the irregularities of the under side of the footing- 
stone, and finally, a thick bed of mortar spread over all, so that there 
will be no cavities under the stone. All the heavy blocks should be 
laid with a derrick, so that they can be held suspended 
over their place while the bed is being prepared, and atcmesT 
if they are very irregular, lowered into place and then 
raised again, so that the impression made in the soft mortar will show 
whether the bed is exactly fitted. The practice of rolling the stones 
into their place with crowbars must never be permitted in a heavy 
wall. The bars tear up and dislocate the bed of small stones and 
mortar to such an extent that it is impossible to be sure that the stone 
when so laid does not rest on the edges of two or three little chips, 
which will crush and cause serious settlements when an increased 
load comes to be placed upon them. 

It will not be so easy to make a neat outside and inside face to the 
foundation-wall of large blocks, but it should be done, especially on 
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the outside, even if some of the stones have to be dressed off It is 
dangerous in a heav)" building to leave, as is often done, the larger 
pieces in a foundation-wall projecting outside, to save the trouble of 
cutting away the excess of size. Not only will water get into the 
wall by running along the top of such a stone, but hard earth, or a 
pebble, may be wedged under the projecting end, so as to keep it up 
while the wall settles under the increasing load, causing a bad crack 
beneath it, and throwing the whole weight on the inner end of the 
stone, which is likely either to give way altogether, or to break up 
the masonry about it. 

Our tour outside the walls being now completed, that inside may be 
short. We must see that the drain under the tower does not get ob- 
structed, and that a good opening, spanned by a strong stone, is left 
for it to pass beneath the walls. Workmen have not so high a respect 
for drain-pipes as architects, and will often cover up a choked or 
broken pipe, sapng nothing about it, thinking that they will be out 
of the way before the trouble is discovered, and careless of the very 
great expense which may be necessary to replace it. The clerestory 
foundation must be sharply watched : long stones are the first requi- 
site for this wall ; everything depending on the efficiency with which 
the concentrated load on the piers is spread out laterally over the 
foundation, till the pressure on the footings is uniform under piers and 
openings alike. The 



workmen must be 

cautioned to leave ! 
an opening two or three feet square 
at the top of this wall, under the 
arches (Fig. 35), and the same 
precaution must be observed wher- 
ever any portion of a cellar is cut 
off by walls from the main part, in 
order to secure circulation of air. 
If deprived of this, the beams of 
the floor above are sure to rot be- 
fore many years, and will sometimes fall in all at once after a 
few months. 

The derricks, of which two or three are probably now set up, must 
be examined. Let the superintendent see that the ropes are not 
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frajing out, and that neither the mast nor the boom is cracked or 
sprung out of perfect straightness. He must also ob> 
serre where each of the guy-ropes is fastened. Every errlcka. 

one should be secured to a growing tree, or a post set five feet or 
more into a hole in the ground, and the earth refilled and packed 
aronnd it. If any guy-rope has been carelessly fas- 
tened to a fence-post, which is very likely to be half ^Skiy-roSa.^ 
rotted off at the ground, or to a curbstone, or a boul- 
der, or any other anchorage not perfectly secure, orders must at once 
be given to have it changed, and all guys must be strictly required to 
be dra-mrn up taut. A loose derrick rope, or an insufficient anchorage, 
is terribly tried when a heavy stone on the end of the boom is swung 
aronnd so as to bring the strain suddenly upon it, and although that 
is properly the contractor's affair, a little attention on the part of the 
architect will do no harm, and may save loss of property, and even 
life. The foundation-walls of the chancel, it should not be forgotten, 
are to be lined with brick, and anchors must be built in to hold the 
lining as described below. We will remind the contractor of this ini 
good season. 

The last thing to be done is to inspect the materials delivered unce- 
our previous visit, which will end our duties for the day. 

A quantity of granite for the face of the basement wall above 
ground has been sent, already cut ; it being very common to cut the 
harder stones at the quarry, while the softer freestones are cut at 
the building. The blocks are of random sizes, and vary much in* 
thickness, some being one or more points less than two inches thick. 
These should be at once rejected, no matter how thick they may be 
^t the other edges (Fig. 86), since their comers are 
liable to break off under the weight, 
and disfigure the work. Still worse 
are the stones which, though of suf- 
ficient thickness around the edges, i 
are hollow in the middle. (Fig. 
''•«• 3^- 87.) Not even the most skilful ^''' 

backing can make these secure. Usually, the minimum thickness 
admissible in the facing blocks is mentioned in the specification, but 
if not, nothing under six inches should be allowed in the basement 
wall, and not that unless all each stonet are anchored to the backing. 
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It is rather advantageous to have the stones large on one bed and 
small on the other, provided they do not come to too thin an edge. 
(Fig. 88.) Such stones bond well together and to 
the backing. 

It is common in specifications to require that 
granite shall be ^< free from knots, sap, shakes and 
rot." Rotten, or crumbling granite is easily de- 
tected, as are also the brown stains known as " sap/* 
and the black or white lumps called "knots." 
Shakes, if very bad, are shown by their discolored 
edges, but we are likely, with some kinds of granite, 
to find stones with seams through them, which are 
tight enough to hold together while the stone is cut, but ' 




Fig. 38. 



Brick. 



vill, after they 

are placed in the wall, open by the effect of the weight upon them, 
and allow rain-water to penetrate. Where the stone is thick enough 
to extend nearly through the wall, a great deal of water will often 
in heavy rains blow into the building through a seam which may have 
been quite imperceptible when the stone was set in place. The most 
certain way of detecting blocks so affected is to strike them with a 
hammer, rejecting the stones which do not ring clearly. 

Tlie only other new material which we find delivered is brick, of 
which two lots are on the ground ; one near the west end of the 
building, which we find to be mainly composed of small bricks, of a 
dark color, the ends of many being black or bluish, 
and generally crooked or irregular in shape. In the 
middle of the cellar others are piled, larger, and more regular in 
shape, but light-colored, at least one in four being very pale. We 
will test the hardness of these by actual trial, since the color by itself 
is an unreliable indication, many clays yielding a light-colored brick 
of very good quality. Selecting two of the paler ones, we strike 
them together ; they meet with a dull sound, and the edges crumble 
at the point of contact. After a few blows one breaks in two, showing 
an earthy fracture, destitute of the compact, hard look of good brick. 

The reddest-looking of this lot ring quite clearly when struck to- 
gether, and their good shape is in their favor, but the men could not 
be depended on to pick out the best ones, and it is safest to order 
the whole lot sent back. If the contractor is honest, he will have 
ordered good brick, and if the superintendent rejects them, the loss 
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will not be his, but tho brick-maker's. If the superintendent passes 
them, through negligence or complaisance, hot only is the contractor 
deprived of his support in attempting to compel the dealer to furnish 
better materials, but he is likely to think that he need not himself be 
too scrupulous in other respects. Let the superintendent make a 
note of having rejected the bricks, and give the contractor a memo- 
randum of it ; following up his action by a close watch to see that his 
directions are carried out Let him never allow any brick of which 
he can crumble the edge with his fingers to remain on the ground. 
The hard, but crooked bricks, if not too much distorted, may be util- 
ized in the backing of the stone-work, or in forming the jambs of 
basement openings, but must not be used in any pier or arch. 

The staging lumber will need occasional attention. Although witli 
us the architect takes no responsibility about the scaffold, his direc- 
tions in regard to it will be listened to with respect, and he has an 
undoubted right to control its construction where that may influence 
the execution of the building. 

SIXTH VISIT. 

At our next visit we find the first staging up, the drain-pipes on 
the ground, centres ready for the arches under west wall, and the 
arch bricks delivered. We go around the outside of the walls, then 
inside, then examine the materials inside, and lastly, those outside. 
This should be the regular routine of each visit, as the surest way of 
observing whatever may be new in the work. 

The concrete piers are firm enough to build the arches upon them, 
the foundations are going on well and nearly finished, with good 
bond, and neatly pointed outside ; the long stones under clerestory 
wail have not been forgotten, and trials with the steel rod reveal only 
a few places to be taken out and filled up. In the tower foundation 
the opening for drain-pipe is properly formed, and the large stones 
well laid and bonded. On our way to the tower, we watch the set- 
ting of the capstones to the concrete piers. The stones have been 
cut square, with " skew-backs " formed for the arches to spring from, 
and all the faces " pointed " to a uniform surface ; the top of the 
concrete is well wet, a layer of cement mortar made with an equal 
bulk of sand is spread over it about an inch thick, and the stone 
lowered into it, and beaten down by blows of a sledge-hammer, not 
applied directly on the stone, but on a piece of timber interposed. 
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The cement will soon set, and the centres can be placed in position 
at once and the arches commenced. These should be built in separ 
rate concentric rings or rowlocks, four inches thick, 
rather than in the fashion called ** bonded,*' where each 
ring is tied to the others by bricks set the eight-inch way. The latter 
has some advantage in point of appearance, but the arch of separate 
rowlocks possesses a certain elasticity, and power of acconunodating 
itself to the weights upon it, which make it much better in heavy 
constructions. The bricks must be very regular in shape, well soaked 
in water, — not merely sprinkled, — and laid with mortar of equal 
parts of cement and sand. The arches spanning the basement open- 
ings, behind the straight lintels which terminate them outside, should 
be built in a similar manner. 

None of the granite facing of the basement wall has yet been set, 
although the grade lines which mark its commencement are set out 

. ^. by strings stretched between stakes outside. We take 

Ashlar. , ,. , 

advantage of the opportunity to question the contractor 

about the manner in which he proposes to anchor {he face to the 
backing. The specification indefinitely requires it to be " well an- 
chored/' without further details. Much depends on the character of 
the ashlar. If the stones are thick, with many of them extending 
through the whole thickness of the wall, as is common in Europe, no 
other ties will be necessary to keep the weight of the superstructure 
from forcing the facing stones off the wall, but with us such ashlar 
varies from two to twelve inches in thickness, according to the value 
of the material, backed by a rubble masonry of rough stone or brick, 
to which it must be held by iron ties. 

A four-inch ashlar, and still more a two-inch, which is used only 
for facings of marble, must have, for a high wall, at least one anchor 
in every stone. When the ashlar is thicker than this, 
' of Ashlaffw " *^®y ™*y ^ much less numerous. We find our gran- 
ite blocks to average eight inches in thickness, and 
being assured by the contractor that the stones to come will be of a 
similar character, we agree with him that if the anchors are so dis- 
tributed that there shall be at least one to every three feet in length, 
and two feet in height, the work shall be accepted as satisfactory, 
stipulating also that the last course of ashlar, under the water-table 
which marks the transition from granite to freestone at the first^^oor 
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level, shall have an anchor in every stone. The brownstone ashlar 
for the upper part of the wall will be of about the same thickness, 
and the same proportion of anchors is directed for that also ; every 
stone under the horizontal string-courses and cornices to be anchored, 

in the same way as under the wa- 
ter-table. The anchors are made 
of wrought-iron strips about one 
inch wide, and as much as one- 
twelfth-inch thick. Iron of one- 
sixteenth-inch thickness is some- 



Fig. 39. 



times used, but is too light One end is turned up about two and a 
half inches, and the other is turned down about one and a quarter 
inches. This end is heated by the blacksmith and driven by a blow 
into a round hole made in the anvil, which rolls it into a tubular shape 
suited for insertion into a hole drilled in the top of the stone to be 
anchored. (Fig. 39.) 

The drill-hole should be one and a* half or two inches from the 
face of the ashlar block, and the length of the anchor should be so 
measured as to extend entirely through the wall, the other end turn- 
ing up close against the inner face. 

As these ties would be soon destroyed by 
rust if used in their natural state, they must 
be protected by tarring or galvanizing. The 
latter is most expensive, and perhaps best, 
but the former is generally employed. 

In setting the first course of stone above 
ground, it is advantageous to have it over- 
hang the foundation-wall about an inch: 
then the rain-water, which flows in sheets 
down the exposed surface during storms, 
when it reaches this point drips off, and is 
absorbed by the ground, instead of continu- 
ing its journey down the face of the founda- 
tion-wall. (Fig. 40.) Of course, this must 
be arranged for in making the detail draw- 
ings if it is to be done systematically. At all events, the construo- 
tion sometimes seen, where the base course is set back from the face 
of the foundation, leaving a narrow level strip on top of it, should 
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Fig. 40. 
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not be coiintenaQced. Such a shelf serves only to catch the water 
streaming down from above and conduct it into the masonry, and U 
the plans require such a relative position of the foundation and super- 
structure, the former should terminate by a surface sloping back to 
the lioe of the wall above it. 

In supervising the facing work, attention should be paid to the ap- 
pearance. With random ashlar, much of the beauty depends upon 

the frequency with which the horizontal joints are 
Sfork!" broken. It is common to specify for such work that 

no horizontal joint shall extend more than six feet, 
and this is a good rule to follow in all cases. The difference be- 
tween a neat and slovenly walling is illustrated by Fig. 41, a and 6. 
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Fig. 4i a. 



Fig. 4 1 6. 



In b the effect is injured not only by the long horizontal joints, but 
by the frequent occurrence of small stones, as at X, F, Z, inserted to 
nil awkward vacancies. 

The work now goes on without intermission until the granite-faced 
wall is ready to receive the water-table or bevelled course which ter- 
minates it. (Fig. 42.) This, like all horizontal string-courses, par- 
ticularly if projecting, should be composed of long stones, running 
back as far into the wall as practicable. They are often specified to 
have the top bed not less than eight inches in the wall, and this is a 
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ng. 42. Fig. 43. 

good standard, though narrow string-courses near the top of the wall 
may perhaps have an inch or two less. Care is necessary to ascer* 
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tain the exact level some time before the wall has reached the re- 
quired point, and it is best to build up all the corners of the building 
to the line in advance of the rest, and set the corner-stones of the 
water-table, levelling them carefully with an engineer's instrument, 
afterwards bringing the intermediate por- 
tions up to the 
line. This will 
prevent an ap- 
pearance like 
this (Fig. 48) 
caused by the 
attempt to re- 
gain a true lev- 
el after the wall 
has been carried up nearly to the top. 

The quoins, or corner blocks of the water-table, as indeed of all the 
stone-work, must always, for appearance sake, show a wide head on 
both sides the angle (Fig. 44), instead of being cut out of a stone of 
the same thickness as the rest (Fig. 45). 

The water-table indicates the level of the main floor, and while 
preparations are making for laying it, the beams may be placed in 
position. Stock for these has beea delivered at intervals previously, 
and carefully examined, several loads haviug been re- 
jected for containing timbers considerably less in size Tinf?ber? 
(since the timber shrinks after sawing) than the speci- 
fication calls for, while others have been thrown out on account of 

pieces badly *• shaken " 



(Fig. 46) ; or " waney " 
(Fig. 47), through having 
been sawed too near the 
outside of a crooked piece, 
so that a part of the wood 
is lacking; or weakened 
by large knots near the 
middle of the span. The 
nave and chancel floor 
beams are divided into two spans, the inner ends of each span beinjz 
carried on a line of girders running through the middle of the build- 
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ing, and supported by brick piers under the nave, and an iron column 
in the society-room under the chancel. The girders of main floor 
are of Georgia pine, eight inches by ten, those in chancel being eight 
by twelve, and all are already on the ground. It is necessary to 
have these properly set before the beams can be put in position ; but 
if the piers were to be built up first, and the heavy timbers laid upon 
them, there would be danger of overturning 'or displacing them, so 
it is best to support the girders by temporary wooden shores untU 
the floor is on, and afterwards build up the piers between the shores. 
As there is ample head-room in the cellar, the beams are simply 
notched upon the girders, instead of framing them in, and thereby 
weakening the girders with mortises. 

The carpenters are already cutting the notches, and the foreman 
hastens after us to ask whether ho shall *^ crown " the beams, and if 
so, how much. Nothing is said about it in the specifications, and a 
„ I If little reflection is necessary before a reply can be given. 
The crowning, as now usually practised, consists in 
trimming off with an adze the upper edge of the beams, so aft to form 
a curve, the convexity of which may be one inch or more, as required. 
(Fig. 48.) Nothing is taken oft the middle of the timber, so its 
strength to resist a distributed weight is not impaired, and as all or- 
dinary beams sag a little under their own weight, and still more when 
I ,1 1 II _ ~ loaded with flooring 



and plaster, the crown- 
ing enables this sag- 
ging to be compensat- 
ed, and such a beam, 
Rfft. 48, 49. when suspended at the 
ends, will be level or 



slightly convex on top, 
the bending due to the 
^9' 50. weight showing itself 

on the under side. (Fig. 49.) Formerly the same effect was sought 
by shoring up the beams strongly in the centre, so as to bend 
them upward, and then cither building them into the walls, or con- 
fining them by timbers placed against their ends, and connected by 
iron tie-rods passing between the beams (Fig. 50), but this method 
is objectionable, and is now rarely used. 
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In order to determine whether crowning by the other mode is de- 
^''ible, we can easily calculate the probable bending of the timbers, 
01*) what will be still better, experiment on the spot, by placing one 
of the beams, the top of which has been previously ascertained to be 
^ight and true, on supports at the proper distance apart, and load- 
ing it at the middle with a weight equal to half the load which will 
come upon it after the building is completed. In this case the beams 
of the main floor are of spruce, three inches by ten, and of chancel 
floor three by twelve, all placed sixteen inches from centres, and 
twenty feet long, the clear span being nineteen feet four inches. 
Thej will be plastered one heavy coat underneath, and covered with 
a doable boarding. Each beam carries the whole weight of the floor- 
ing above it and the plastering below it, from the central line of the 
interval between itself and the next beam on one side to the corre- 
sponding line on the other side, the distance between these two lines 
being the same as that between the centres of the beams themselves, 
or sixteen inches. Each beam will then sustain, independent of its 
own weight, an area of flooring 16 inches wide and 20 feet long, 
and an equal area of plastering, amounting to 16 inches (1^ feet) 
X 20 =» 26 J square feet of each. One square foot of dry pine board 
an inch thick weighs about three pounds, and as the boarding is 
double, six pounds will represent the weight of flooring per square 
foot. Plastering of the kind mentioned will weigh about six pounds 
per square foot, making a total load per foot of 12 pounds, which 
multiplied by 26} will give 320 pounds as the distributed load on the 
beam, exclusive of its own weight. One-half of this, or 160 pounds, 
applied at the centre will produce the same effect as the whole dis- 
tributed load, and by loading our experimental beam in this way the 
amount of bending can be at once ascertained. A bucket hung over 
the middle of the beam, and loaded with thirty-five to forty bricks 
according to size, or with a man standing in it, will form a ready 
means of applying the weight, and a string tightly stretched between 
tke ends of the beam will show the deflection, which we find in this 
case to be less than a quarter of an inch. So slight a deflection is 
not worth the trouble of correcting by crowning the beams, especially 
\9 the bridging of the floor, which is required by the specification, 
pjrds protection against unequal deflection ; and we therefore in- 
^ the foreman that it will not be required. The tops of the beams 
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must, however, be well levelled ; and as they are likely to vary some- 
what in depth, the gauge for notehing them to fit upon the girder 
must be taken from the top^ not from the bottom edge. The ends 
which rest on the walls need not be notched, but are " pinned up " 
with chips of stone or slate to the required height. Wooden chips 
must never be used for this purpose, as they soon rot out, and allow 
the beam to settle. 

Concerning the manner in which the beams should be built into 

the wall, there is much diversity both of opinion and practice. On 

one point, however, all are agreed; that the ends 

*•*•'""• should be cut on a bevel, thus (Fig. 61), the variation 
Beams, of the inclined line from the vertical being two to four 
inches, according to the depth of the beam. The ob- 
ject of this is to prevent the destruction of the wall, in case of fire, 
by the fall of the floor when burnt through. If the beams are bevelled 
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Fig. 51. Fig. 52. 

as shown, they drop out quietly when their outer ends are consumed ; 
but if left square, the portion in the wall acts as the short arm of a 
powerful lever, whose outer end, being depressed as the floor falls, 
pries the wall outward with immense force. (Fig. 52.) But besides 
this, precaution should be taken lest the ends of the beams absorb 
moisture from the foundation and perish by dry-rot. The most im- 
portant security against this is the avoidance of dampness in the cel- 
lar and its walls by the precautions suggested above, without which 
the other expedients avail little. If reasonable dryness is maintained 
about them, suflacient further protection can be obtained by leaving a 
small open space about the ends of the timbers for circulation of air. 
Some simply build up vertically behind the ends of the beams, filling 
in solidly between them, and trusting to the subsequent shrinkage of 
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the wood to open a slight but sufficient communication between the 
triangular hollow behind the timber and the air of the 
cellar. Others increase this communication by tacking Protection 
a piece of zinc or felt paper over the end of the beam, Rot. 
letting it hang down at the sides, so as to keep the 
masonry at a small distance from the wood. Still more careful 
constructors build up a recess around each timber, leaving it free 
on all sides, but with a dry foundation of hard stone, laid in half 
cement, and the floor two feet or more above the ground, so great 
precaution is unnecessary except for heavy girders. In the present 
case, being very confident of the dryness of our wall, we will com- 
promise by filling in closely between the beams with the stone-work, 
but will leave a space behind them, and will span the end of each 
beam by a stone or a couple of bricks, so as to open a communication 
above the beam between the interior space and the air. 

When the first tier of beams has been laid and the ends built up 
with masonry, the work of the superstructure may properly bo said 
to begin, and a variety of new cares will come upon 

ns. Here also commences a considerable divergence *"??'^ 

, ,. . , 8tructMr6« 

between the practice of different locauties m respect 

to many details of construction. In the Eastern States, and to an 
increasing extent in others, the next step after laying the first-floor 
beams, and bringing the walls up to a level with them, is to cover the 
whole floor with cheap inch boards of hemlock or spruce, generally 
" thicknessed," — that is, planed on one side so as to 
reduce them to a uniform thickness, and firmly nailed Floors, 
down in place. This furnishes a convenient starting- 
point for future operations ; materials are stored upon it, the roof is 
&amed upon it, stagings are erected on it, and the men move freely 
over it. 

Whenever it becomes necessary to reach the space between the 
beams, for nailing bridging, running gas-pipes, or other purposes, a 
board is easily taken up and replaced again, and at the very end of 
the work the whole is brushed clean, the holes and broken places re- 
paired, and an upper flooring of new, clean, fresh boards put down 
over it, one or two thicknesses of soft felt being laid between, making 
a strong, handsome, impervious floor. Among the old-fashioned 
builders in New York and other places this method is thought unrea- 
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soDably costly, and a single flooring only is used, generally of one 
and a quarter inch boards, the laying of which, of course, in order to 
preserve them from injury, is delayed as long as possible, all the 
operations of building being meanwhile carried on over a skeleton of 
beams, traversed in different directions by lines of planks which have 
continually to be taken up and changed, while supplementary planks 
must be brought and laid down to hold all the material used in each 
story, and if a tool is dropped, or a bolt or anchor-iron rolls from its 
place, it descends to the cellar, where the workman must go to find it, 
or let it be altogether lost. To one familiar with both systems, the 
latter seems to involve a great waste of time and labor, and the testi- 
mony of the best builders is that the double flooring, though costing 
more for material, is so much more economical in these respects as to 
save more than its extra cost in the completed building. 

Wtt find this construction specified for the structure under our 
charge, and in less than a day after the beams are on and levelled, 
they are covered with a smooth, firm floor, which can be put down 
with extreme rapidity, being laid without much attempt at unneces- 
sary neatness. The boards, being of hemlock, are full of shakes ; - 
some are cracked in a dozen places, while in others the annual 
rings have separated, and can be peeled off by layers. Some hem- 
lock lumber is much better than this, but there is no need of being 
very particular. As soon as convenient after laying the floor, the 
boards are taken up in a line through che places marked for bridging 
the beams. There are to be two rows of bridging in 
each span, but the kind is not specified. Occasionally 
a builder is found who im- 
agines that a floor ycan be 
bridged by fitting in square 
bits of plank between the 
beams and nailing them in 
place ; a device as costly as 
it is perfectly useless, the 
planks answering no pur- 
pose whatever except to 
burden the floor. The 
proper way is to fit in strips diagonally between the beams, of suf- 
ficient length to reach from the upper edge of one to the lower edge 
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oi the next, nailing them firmly in place with two large nails at each 
end (Fig. 53). 

A double row is neoessary, so arranged as to abut in pairs against 
the upper and under sides of each beam, and the effect, if arranged 
as they should be, in lines made perfectly straight, marking the posi- 
tioD of each piece by a chalk-line on the edges of the timbers, is tu 
connect the beams together by 
a kind of truss (Fig. 54) 
wMch prevents any one from 
bending downward without 
carrying down with it a num- *'* 

ber of others, greater or less according to the perfection of the work- 
manship, but ordinarily about ten. Nothing is added to the absolute 
strength of the wholo floor, but any single overloaded beam is enabled 
to divide its burden with six or eight of its neighbors, which is a great 
gain. The bridging in important buildings is usually specified to be 
of two-inch by four-inch pieces, and such may sometimes be necessary ; 
but for ordinary dwelling-house beams, not more than sixteen inches 
^m centres, strips one inch or one and a quarter inches thick and 
four inches wide will, if well fitted and nailed, prove quite sufficient. 
The ends of the beams which rest on the girders should be nailed 
in place, and in addition ''dogs" of round bar-iron three-fourths 
inch in diameter and about eighteen inches long, turned 
^own at each end and fashioned into a rough, chiscl- 
^e point (Fig. 55), should be driven into the abutting ends of two 
opposite beams, at intervals of about eight feet, the wliole length of 
^ building, so as to connect the beams strongly together ; and wall 

anchors of flat bar^iron, *^^k*.- 

. , . , Wall AnchorBa 

one-half inch thick, 

-and at least one and a fourth inches 

wide, not less than four feet long, and 

turned up four inches at the end, should 

be spiked, by means of holes punched 

for the. purpose, to tlie sides of the 

same beams that are tied at their other 

the beams beyond, leaving the tumed-up end to be built into 

nry of the wall above the water-table. This end is often split 

Cork and each branch turned up, much improving its bold, and 
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the inner end is sometimes turned down and driven into the beam, 
without being spiked to it. These different anchorages form a con- 
tinuous tie from wall to wall, and although not far from the ground 
will assist materially in keeping the masonry upright. 

Other anchors must be provided, for tying the angles of the build- 
ing in the superstructure. These should be of iron similar in thick- 
ness and width to those just described, turned up at one end and 
down at the other, and from four to six feet long. They should be 
laid alternately in each of the walls forming the angle, and at inter 
vals of from four to eight feet in height, according to the amount of 
..bond obtained by the stones alone. Young architects are often sur- 
prised to find that so much iron is needed in masonry, which they 
imagine by the descriptions given in their text-books to be (juite 
capable, when well bonded, of holding itself together without such 
aid ; but our ordinary structure of thin ashlar facing, backed witii 
incoherent rubble of small stones, is a very different matter from the 
combination of squared blocks to which ihe books refer. 

Still another set of anchors must be built into certain portions of 
the walls as they progress, to hold the brick lining which is subse- 
quently to be built up inside. A part of these are to 

iow'walls. ^ "^®^ ^" ^^^ society-room under the chancel, and 
others in the vestibule which forms the first story of 
the tower. The former of these lining walls is to be plastered, but 
not the latter, and the anchors needed will differ a little in conse- 
quence ; those for the plastered wall being arranged to project en- 
tirely through the lining, turning up two inches on the inner side, 
while the others must stop just behind the inner face, so as to lie 
concealed in the joint. They should be made of iron not less than 
one-sixteenth inch in thickness and one inch wide, tarred or gal- 
vanized, turned up at the end in the outside wall, and extending half- 
way through it. They are to be built into the outside wall at inter- 
vals of two feet both horizontally and vertically, setting them care- 
fully to the proper length by measuring from the outside, and left 
projecting until the time comes for building the lining wall, when 
they will be found all ready at the proper place. Various forms are 
given to these ties, all intended to prevent condensed moisture, ur 
water driven through the outer wall, from being conducted by them 
across the air-space into the lining wall, where it would show itseU 
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by a permanent spot in the plastering. The part which crosses the 
air-space is often bent downward into a Y-shape, from which the 
water drips to the bottom of the cavity, and this, if the depression 
IS deep enough, is moderately effectual, but if too shallow, the mor- 
tar falling from above collects on the tics in quantity sufficient to 
bridge the aii^space in some places, and convey water through to the 
lining. Another form is made by twisting the ties so that the por- 
tion in the air-space is vertical, and collects neither mortar nor water. 
The iron is sometimes used without twisting, but set in the vertical 
joints, thus attaining the same result at less expense, but with greater 
trouble ; since the irons, being set at random in the wall, never coin- 
cide exactly with the joints of the brickwork, and have to be bent 
more or less to reach one. When inserted in the horizontal joints, 
little bending is necessary, hardly more than an inch in any case; 
but when placed in the vertical joints, the lining wall being composed 
entirely of stretchers, a lateral movement of four inches may often 
be required. On the whole, the Y-bent ties seem to be most suitable 
in our case, but we direct that they shall be placed vertically one 
above another, so that those above may shelter those below from fall- 
ing mortar, and that in building the lining every row shall be cleaned 
off as soon as the one above it is fixed in place. 

While these matters are being settled, the delivery of freestone, 
both cut into ashlar for the facing and in rough blocks for working 
into mouldings and arch-stones, has been going on. This should be 
attentively watched, and if possible a visit should be 
made to the quarry to inspect the different beds of 
rock. There is usually much variation in the quality of stone from 
the same quarry, one end frequently running into extreme hardness, 
while the other is too soft for use, or superposed strata may show dif- 
ferent properties. Yariations in color usually accompany differences 
of texture, and each different tint of stone on the ground should be 
tested by chipping off a thin piece, and crumbling the edge in the 
fingers. The hardest sandstone will resist this treatment like flint, 
but most building stones crumble slightly at the very edge, while the 
poorer varieties crush easily. Few of the ordinary freestones show 
a much greater hardness than common loaf sugar, but those that are 
softer should be rejected. 

Some kinds of stone have an extremely annoying defect in the 
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shape of ** sand-holes/' which are small formations in Uie interior of 
the block, often similar in appearance to the rest of the stone, but 
destitute of cementing matter, so that on being ex- 
posed hy cutting, the sand falls out, leaving an un- 
sightly hole, which cannot be successfully concealed by filling with 
cement Any variety of stone which proves to be affected in* this 
way should therefore be entirely rejected, as sand-holes may exist in 
any of the blocks, undiscovered until the stone is cut. Some stones 
contain similar cavities filled with clay, which are equally pernicious. 
Seams injure the quality of many classes of freestone, but are 
usually more easily detected than those in granite. All sandstone is 
stratified, the beds varying from ten feet to a small 
fraction of an inch in thickness, and the divisions I^ 
tween the strata show themselves as dark streaks on the edge of the 
stone. Where the beds, though distinct, are strongly cemented to- 
gether, the stratification rather improves the quality of the material 
by the beautifully figured appearance which it gives to a smoothly^ 
rubbe<l surface, as in the sj^ne from Portland, Connecticut, but the 
seams are not always tight, or if they are, may not remain so, and 
the stone scales or " shells " away, so that blocbs, especially large 
ones, of stratified rock should be " sounded " all over with a ham- 
mer before setting in the building, to detect any separation between 
the interior surfaces. 

The stone-cutting shed will now become a point of special interest 
at each visit, since here will be carried into execution the ornamental 
details of the building, whose accuracy and perfection of workman- 
ship will do much to enhance its beauty. 

Among the first things done in the cutting-shed are the jamb- 
stones for the windows. The sills are to be slip-sills; that is, in- 
serted between the jambs at some subsequent period, and the detailed 
sections of them are not yet at hand, but a number of jamb-stones 
H^mtA *^ ^^*^ ^® hskve taken care to make ourselves per- 
fectly familiar, not only with the position, height above 
the floor, and exact dimensions of every window, but also with the 
depth of the various reveals; and we begin at once to measure the 
smaller stones to see if they are of the required depth, finding imme- 
diately that many fall short an inch or more. These must be marked 
and laid aside, to be recut for other purposes, making sure that the/' 
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are not likely to be put into the wall, for the replacing of an unsatis- 
factory quoin is a disagreeable matter, and it is still worse to leave 
it In and endeavor to fill out the deficiency by patching. 

The other details should be sharply looked to ; sketches made to 
explain obscure drawings ; the moulded work frequently compared 
with the zinc patterns or templets, and these with the sectional 
drawings ; the carving criticised, and the straight-edge and square 
frequently applied to the work of men who seem unskilful or neg- 
ligent 

The regular routine of a tour around the outside of the building, 
followed by one inside, and an examination of the new materials, 
first Inside and then outside, should still be kept up, but the inspec- 
tion should take place at the level of the staging where the men are 
at work. The steel rod may occasionally be used to examine the 
workmanship of new men, and a continual watch must be kept to see 
that the ashlar is properly and sufficiently anchored to the backing, 
and that all exposed angles or projecting parts of the stone-work, as 
comers of openings, string-courses, sills and cornices, are well cov. 
ered up with boards, to protect them from accidental blows, and 
from falling objects. 

Before the walls reach the top, it is necessary, whether the specifi- 
cations mention it or not, to build in long bolts at every angle, and 
at intervals of about ten feet along the walls, to hold 
the wooden wall-plate. The bolts should be of one-inch^"®'JJj2"e* ^^^ 
round iron, three or four feet long, with a short plate 
at the lower end to give them secure hold, built in vertically, so that 
tlie upper end, threaded for a nut, may project an inch at least above 
the top of the wall-plate when laid. In setting this, holes are bored 
fur the bolts, and nuts with large washers are put on and screwed 
down firmly. 

The setting of the cornice and coping stones must be watched anx- 
ioasly. It is customary to specify that all cornice or other projecting 
stones shall balance on the wall, or in other words, 
that the weight of the portion of the stone on the wall ^'^n^T 
shall exceed that of the projecting part, by one-fourth, 
one-half, or more, as the case may be. Whether specified or not, a 
considerable excess of weight on the wall is necessary to a good job 
of stone-work. Heavy cornice-stones are often seen, where ihe vigi* 
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lance of an inspector is wanting, which would fall immediately into 
the street if they were not held back by thin iron straps to the tim- 
bers of the roof, and do so fall when the straps rust, or the timbers 
are burnt away. 

Copings must also be strongly secured against sliding off. The 

" kneelers " or corbels at the foot of the slope, which ostensibly sup- 

port them, are seldom so designed as to be capable of 

anything more than holding themselves in place, and 

usually require even for that to be anchored back to the masonry, 

so that the coping-stones must be held by irons at the foot of each. 

Finials also, which commonly decorate the peaks of gables, are not 

secure unless dowelled to the adjacent stones, and if 

composed of several pieces should be drilled completely 

through, and strung upon a long iron rod previously built into the 

masonry, with nut and washer at the top to hold the joints firmly 

together. 

The young superintendent will hardly see the finials placed on his 
building without having undergone several conflicts with the con* 
tractor as to the stones which are to be permitted in 
Stones. ^^® work. He may find his orders about seams and 
sand-holes cheerfully complied with, but stones acci' 
dentally broken after cutting will be used wherever they can escape 
his eye ; the fractured portions, if conspicuous, being neatly cut out, 
and a new piece inserted and glued in with melted shellac. In dry 
weather, and while- still fresh from the tool, such patches are hardly 
noticeable unless near the eye, and they should therefore be looked 
for from the stagings before these are shifted ; but when the stone 
is wet by rain, the inserted piece becomes painfully conspicuous, and 
as the shellac is slowly destroyed between the stones, the joint be- 
comes more and more evident, and the piece may even drop out if 
situated, as sometimes occurs, on the under side of a lintel. 

Both firmness and consideration are necessary in dealing with these 
cases. While a patched jamb-stone, sill or lintel, unless of extraor- 
dinary size, is inexcusable, it would be harsh to condemn a piece of 
rich and costly carving for a small mutilation which could be easily 
concealed ; and some fractures may occur after the stone-work is 
completed which can only be repaired by patching in this way. The 
walls are by this time ready for the roof, and the tower has 
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been carried up to the same height. The contractor, anxious to save 
all the time possible, is still at work on this, although the sea- 
son is getting late, and the nights frosty. One un- m- . ,- 
nsually cold morning we arrive on the ground, and in Freezing 
find the mortar left over from the previous evening w®^****''- 
frozen hard in the tubs. Trying one of tho small stones in the back- 
ing laid the day before, we find that instead of adhering to the mor- 
tar, and bringing away some lumps clinging -to it, the stone separates 
easily, and comes away clean, while its surface, as well as that of the 
mortar in which it lay, is covered with hoar frost. 

This is a plain indication that the mason-work must be suspended 
until the settled warm weather of spring. The film of frost which 
penetrates in cold weather between the mortar and the stones forms 
a complete separation, and adherence does not take place again after 
the ice is thawed, while the mortar is itself also more or less disin- 
tegrated by freezing. Mortar of pure lime, if frozen in the tubs, 
may be warmed and worked over so as to be used, but cement, if its 
first set is once broken up, either by freezing or by unnecessary stir- 
ring, will never harden again. 

The foreman, mindful of his master's interests, resists the order to 
cover up the walls, relating anecdotes of structures built without 
harm in the midst of terrible frosts, and urging at great length the 
well-known superiority of a " frozen set " over all others ; but he 
should be overruled. If any error is committed, it 
should be on the side of safety. It is true that plas' 
lering, of pure lime only, if frozen at the beginning of the season, 
and kept constantly frozen for some months, acquires al the end of 
that time a considerable hardness, which is not lost on thawing; 
while if thawed within a few days or weeks after freezing, it disln- 
t^rates and crumbles ; but in this there is no question of the sepa- 
ration between the stones or bricks and the mortar of a piece of ma- 
sonry, which takes place without regard to the duration of the 
freezing, and constitutes the chief danger, and moreover a '' frozen 
set" is impossible with mortar containing cement or hydraulic lime. 
The tower walls are therefore covered with a roof of boards, and 
the maaons sent to cut stone for the spire, or employed in building 
the basement piers, and as soon as the main roof is on, the lining walls 
in the Bociety-room and vestibule. 
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The design for roof trusses should have been anxiously criticised 
hy the superintendent, in order to detect and remedy 
the weaknesses, if any exist, before they cause lose 
and discredit through the failure of the executed structure. 

If all is found satisfactory, the details are committed to the framer, 
who will probably need and ask for advice concerning the yarious 
joints, tenons, bolts and strajls, so that the young architect will do 
well to refresh his knowledge on these points both from . his text- 
books and such examples as he can reach. The accuracy of the 
cunres, the neatness of the chamfers, the sufficiency of the bolts, 
bhould all be noted, as well as the correctness of position on the walls, 
and the alignment of the purlins. The rafters once on, the covering- 
in commences immediately, and after inspecting the quality of the 
boards, which should be planed on one side, smooth, straight-edged and 
free from loose knots, if slate are to be laid over them, it will become 
necessary to decide as to the best way of working the flashings 
and gutters. Of the former, there will be not only the valleys, bat 
the intersections of the roof with the back of the gable 
walls, the tower, and two chimneys, which must be 
protected against the entrance of water. The specification requires 
" all necessary flashings '^ to be put on " in the best manner," care- 
lessly omitting further details. Even the material which shall be 
used is not specified, and the superintendent wisely resolves to come 
to an understanding with the contractor beforehand, and thus avoid 
the possibility of having to reject work after it has been put up. 

Unquestionably, the " best " material for flashings is copper, which 
is indestructible by weather, is so tenacious as not to crack like lead 
or zinc when bent at a sharp angle, and so stiff that after 
bending it cannot be, like lead, blown up by a strong wind. NcTer- 
theless, copper flashings are costly, and little employed, so that it 
would be unjust to require a contractor to use them under the cir- 
cumstances, and we must -content ourselves with lead and zinc. The 
latter metal will constitute the whole of the valley and hip flashingrsy 
and two ways of arranging these are permissible ; the best practice 
of various localities inclining about as much to one as the other. 
Often the two systems are mixed, and the valleys laid by one, and 
the hips by the other, or vice versa. 
By the first method, which is perhaps most popular in the lerge 
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cities, the valleys are covered with a long strip of zinc, fifteen or six- 
teen inches wide, laid the whole length of the angle, and soldered to- 
gether at the joints (Fig. 56). This is tacked at the edges, and 
the slates laid so as to lap -over it on each side. If the metal were 
not subject to expansion by heat, this would perhaps be the best way ; 
but the long strips lengthen very sensibly under a summer's sun, to 
contract again in winter, and the ultimate effect often is to tear them 
at some point, making a bad leak. The same method applied to 
flashing against a wall consists in covering the 
Jfe^^jiJL-LpL joint by a long strip, one edge of which is bent 
^BK^^Mp [ r over, and tucked into a reglet, groove or ** rag 
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Fig. 56. Fig. 57. 

gle " cut in the stone or brick work of the 
wall six inches or more above the slope of 
the roof, and parallel with it. The efficiency Fig. 58. 

of this depends on the cai*e with which it is 

done. The effect of alternate heat and cold on such a flashing is to 
warp it until it springs out from the " raggle ** either at one end or in 
the middle, letting a stream of water run down into the rooms below 
(Fig. 57), and this can only be prevented by cutting the groove quite 
deep, an inch or so, instead of tlie half-inch which is common, turn- 
ing in the flashing to the very bottom of the groove, and wedging it 
firmly in with slate chips and cement The wooden chips generally 
used for the purpose soon shrink and become loose. 

Hips are covered with strips by putting a wooden " hip roll " on 
the boarding and laying the slates close up to it, subsequently tack- 
ing on the metal, fitting it closely around the roll, and letting it ex- 
tend on each side three or four inches over the slates (Fig 58). 

The essence of the rival method consists in its employment of 
small pieces of metal lapped over each other, without 
soldered joint?, so that they can expand and contract smaM p|[«clwl 
freely. In forming valleys by this mode a sufficient 
number of trapezoidal pieces of zinc or other metal are cut out 
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(Fig. 59) I in length equal to one of the slates used, and in width vaiy- 
ing from about ten inches at one end to fifteen or more at the other, 
according to the pitch of the roof. 
These pieces are taken on the 
roof by the slater and ''slated 
in," each forming a part of the 
two courses of slate correspond- 
ing on each side of the angle 
(Fig. 60), and each being laid 
over the course of slates next 
below it, while the slates them- 
selves are laid more closely into 




Fig. 60. 



the angle of the valley than when the other system is employed. 
Although more metal is used in this way, the labor is less, and the 
work on the whole more satisfactory, because more permanent. 

In its application to the flashing of walls and chimneys there is 
less to be said in favor of it, compared with a first-class job in the 
other style. In the ** stepped flashing," as it is called, composed of 
small pieces, no groove is cut in the masonry, but 
ncuS^nff. short lengths of the horizontal mortar joints are 
raked out, and pieces of metal are cemented in, one 
above another, lapping over each other like a flight of steps. This 
is much more permanent than a single strip, especially if the piecesi 
instead of being inserted in a raked-out joint, are built into the ma- 
sonry itself, as is often done; but in exposed situations the wind and 
rain are likely to blow into the vertical crevices which arc left 
between the masonry and the metal when this is folded down against 
it, so that elastic cement, or a stopping of " paint skins " and fine 
sand arc necessary to make them tight. 

The principle of subdivided flashings is applied to hips by slating 
in pieces of metal, the slates then Ixnng laid out to the very edge. 
This is both tighter and neater in api>earance than the hip roll with 
its spreading sides. 

After a discussion with the roofer on all these points, we decide 
that the hips and valleys shall have flashinn^s slated in, but that or- 
dinary flashings in long strips shall be used where the roof comes 
against masonry. The stone-work is in places so rough that it would 
be impossible to turn down a sheet of stepped flashing against it so 
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dose])" as to ue tight, and the other mode seems preferable, but we 
enjoin upon the roofer the greatest care in securing the strips into 
the grooves. 

As for the metal of the flashings, we insist that those on walls and 
chimneys shall be ** capped," and that the capping 
shall be of four-pound lead. All the rest we direct -?*??*^ 
to be of No. 13 (sixteen-ounce) zinc. 

The contractor demurs somewhat to capping the long flashings, 
but the superintendent persists, and the roofer, on being closely 
questioned, finally acknowledges that they cannot in any other way 
be made reasonably permanent, and as the contract requires that 
the tightness of the roof shall be guaranteed for two years, he at 
length, influenced by the instinct of self-protection, yields. 

This capping is the best safeguard against the evil effects of ex- 
pansion on long flashings, and consists in making them in a certain 
sense double ; one strip of zinc covering the roof, and being turned 
up against the masonry, almost to the line of the '^raggle," or 
groove, with a few nails to keep it in place, while a second strip of 
lead, thin enough to be easily dressed close against the wall, is ce- 
mented into the ** raggle " just above the upper edge of the zinc 
strip, and turned down over it, reaching to a line an inch above the 
surface of the roof, so that the two pieces of metal can expand and 
contract independently without finally opening a joint. It must not 
approach nearer than an inch ; if it does, it may dip into a current 
of water or melted snow flowing down the roof, and the capillary 
attraction between the two metal surfaces will draw moisture up, 
and over the edge of the inner strip, to find its way into the rooms 
below. 

The mason, who is all ready to cut the reglets, asks us whether he 
shall make those on the rear of the copings by raking out the joint 
between them and the masonry below, or shall cut them in the coping 
itself. There is some advantage in protecting the bed of the coping, 
so, although we are sorry that we did not think in time to have the 
leaden strips laid into the mortar before setting the coping, which 
would have made an admirable arrangement, we order the grooves 
to be cut two inches above the bed joint of the coping ; to be at 
least one inch deep, and Rosendale cement to be provided, reader 
mixed, for setting the lead into its place. 



82 



BUILDINQ SUPERINTENDENCE. 



The gutters must next be attended to, although the specification, 
in calling for "gutters of No. 24 galvanized-iron, as p«r detail 
drawing (Fig. 61), running up 16 inches under slates, and to have 
front edge turned over a ^ inch by | inch wrought-iron bar, with 
galvanized wrought-iron braces every 24 inches, running up two feet 
under slates, and strip of four-pound lead one inch wide soldered on 
under side to cover edge of stone 

Quttersi cornice," has relieve*! us of the 
severest responsibility. But, as usual, nothing 
on the drawings indicates the position of the 
six "galvanized -iron conductors" which tlie 
specification demands, and in consequence, the 
direction in which the gutters shall incline must 
be determined by the superintendent, according 
to his best judgment. The task is not difficult, 
and the gutter, which is already on the ground, 
having been examined and found to be in ac-t 
cordance with the detailed section, well formed 
and straight, is passed, and immediately hoisted 
to the roof for putting in place. 

Meanwhile, we descend to the basement, to 
inspect the construction of the piers and the 
setting of the iron column in the society-room. 
Hardly have we turned our steps in that direc- 
tion when, as we try to call to mind the basement plan, a misgiving 
seizes us, which is increased as the foreman mason comes out to 
meet us, and jerking his thumb in tlie direction of the society-room, 
begins, " About that ar column, — do you think one is enough to hold 
that floor ? " We make no direct answer, preferring to wait until we 
can understand all the circumstances, which prove to be anything but 
reassuring. The total length of the girder in the ceiling of the so- 
ciety-room, from the brick wall which stands under the chancel steps 
to the cast wall, measures forty feet, and the column is indicated 
on tiie plan as standing under its centre. The clear distance from 
the centre of the pillar to the wall in each direction is therefore 
twenty feet, spanned by a single 8" x 12" hard-pine timber. The 
lloor-bearos are all in place, but the shores set up at random under 
the girder to support it while the piers were being built have not 
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jet been removed, so we are unable to judge by the deflection of the 

sticks whether they are overloaded or not. It is, however, very easy 

to determine this point by calculation. The girder 

F X (Fig. 62) carrying the western part of the so- Calculation 

ciety-room ceiling is the most strained, since it bears 

one-half the weight of the rectangular portion A C B D of the chan- 

eel floor, while the girder X E carries only one-half the semicircle 

C £ D, whose area is but about 

four-fifths that of a rectangle A C 

of equal length and breadth, 
and we will therefore make our 
estimates for the timber F X, 
sure that if this is strong 
enough for its purpose, the one 
at X £ will be more than suf- 
ficient. The distance F E be- 
ing 40 feet, and the width of 
the cap of the column at X, 
8 inches, being deducted from 
the total clear span of the two 
girders, leaves 19 feet 8 inches 
as the length of each between 'r- 
bearings. The distance A B 
is 391 feet, so that the total 
floor area bearing on F X is equal to ^^x^= 337 square feet. 
The chancel floor is to be tiled, and the weight of the floor, including 
beams and boarding, brick foundation and tiles, may be taken at 
seventy-one pounds per square foot, and that of the plastering on the 
under side at ten pounds more, making eighty-one pounds. 

Besides this load, the supporting timber must be calculated to bear 
safely the weight of any probable crowd of persons upon it. By 
the New York building law, the load which must be assumed as thus 
liable to be brought upon the floor of a place of public assembly is 
estimated at one hundred and twenty pounds per square foot, inde- 
pendent of the weight of the structure itself, and though this is 
probably rather a high estimate of the weight of a compact crowd, 
we shall do best to adopt it as a standard. Our chancel floor must 
then be reckoned at 81 + 120= 201 pounds per square foot, and as 
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the girder supports 887 square feet, the load will i)e 201 x 387 s^s 
77,787 pounds, equally divided by the beams over the whole length 
of the girder. To this must be added the weight of the girder 
itself, which at 45 pounds per cubic foot will be 590, making a total 
of 78,377 pounds. The absolute breaking weight, applied at the 
centre, of a Georgia-pine beam is calculated by multipl}'ing the 
breadth in inches by tlie square of the depth in inclies, and this prod- 
uct by 550, and dividing the result by the length in feet, or^ if 

b as the breadth in inches, 

d SB depth in inches, 

/ -= length in feet, ^ ^ >< ^ ^ breaking weight at the centre. 
If the load is equally distributed^ instead of being applied at the 
centre, twice as much will be required to break the beam, or 
b <n X 600 X 2 ^^ breaking weight if uniformly distributed. As, 
however, timber deflects seriously and permanently long before the 
load on it reaches the breaking point, and as it becomes weakened by 
undue strain or other causes, it is considered unsafe to load it with 
more than one-third tlie calculated breaking weight, so that the re- 
sult of the operation indicated in this second formula should be 
divided by 3 to obtain the safe distributed load ; thus, 
ft <P X 650 X 2 r V * -L . , 1 , 
Yi = safe distributed load. 

Applying this to our present beam, whose breadth is 8 inches and its 
depth 12, the length being 19f feet, we find that ^^^^^ ^^ 2^ 

3 X 19} 

21,478 pounds is the utmost distributed weight which can safely 
be put on it. As our calculations have just shown that it is 
liable to be called upon to bear 78,377 pounds, there is a very 
evident necessity for doing something to strengthen it. What steps 
should be taken is a matter for the architect to decide, and we notify 
him at once. There are several methods to choose from. Addi- 
tional columns can be interposed between the central column and the 
walls ; or the girders can be replaced by stron^^er ones, leaving the 
single column in the centre ; or additional rows of girders can be 
put in, each supported by columns. While awaiting his reply we 
will inspect the brick piers which support the girders in the main 

_ . . ^. cellar. Of these there are rather more than is neces. 
Brick Piers. , , , . , -. . . i. 

sary, the plan showing them spaced but six feet apart 

from centres. A few only have been built, of well-formed hard 
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brick, twelTe inches square, as the plan shows, bat with joinis of a 
suspicious gray-blue color, instead of brown. They have been com- 
pleted some three days, but we find that a knife-blade easily pen- 
etrates the mortar after the outer crust is pierced. Calling the 
mason, we ask him if the piers were laid in sand and cement, only, 
without lime, as the specification required. He answers with con- 
siderable hesitation that *< a little lime might perhaps have been put 
in, but it is mostly cement." Our suspicions are not allayed, and 
we ask to see the cask from which the cement was taken, and to 
have the mortar mixer brought before us. The foreman is about to 
disappear in search of these witnesses, but we detain him and send 
a boy in his stead, who does not return ; and after a good deal of 
writhing, our captive confesses, being confronted with the soft mor- 
tar, that there was no cement on the ground at the time, and he had 
had the piers built with the best mortar he could possibly make with 
the materials at hand. 

" What did you color the mortar with, to make it so dark V " we 
ask ; and the foroman replies, '< Well, we didn't suppose you would 
know the difference, so we sent over to the grocery store, and got 
some lampblaf.k, and mixed it in." 

We impre:is upon his mind our objection to such tricks by order- 
ing all the piers demolished in our presence, and dismiss him with 
an admonition. 

The arc hitect is at a distance, and before his answer about the 
girders a.rrives we have an opportunity to inspect the roofing work 
again. ,The gutters are on and properly braced, the flashings fin- 
ished behind one gable, and far advanced on another, and slating 
has be<^un. The slates have but just arrived, and we 
stop fx> inspect them. The specification describes 
them 'only as ** good black slate," but in the lot delivered, and 
stack'ed near the hoisting tackle, we observe several different varieties. 
Some^ are thin, but with a beautifully smooth, shining surface, and 
very 'black : these are from Pennsylvania, and are of excellent qual- 
ity ; others from Maine are split a little thicker, and are also smooth 
and khining, but with a grayish lustre, like black lead ; others again 
are ^thick, with a dead look, and criunble at the edges on being 
stronSgly pinched. We take one of the last-mentioned kind, and set 
it up • t>n edge in a pail of water, leaving it a few minutes, when the 



r 



86 BUILDING SUPEBINTENDEKCE. 

mobture is seen to rise in the substance of the stone half an inch or 
more above the surface of the water. This slate is therefore ab80^ 
bent and bad, and must be wholly rejected, while, as it would gire a 
ragged look to see two kinds used together on a roof, we summon 
the contractor and request him to choose between the Maine or the 
Pennsylvania slate, either of which will be acceptable, and send 
away all others. 

Ascending now to the roof, we reach the gable wall, behind which 
the roofer is inserting his tlashings. As we approach, he hastily 
bundles together a quantity of pieces of zinc and throws them behind 
him, but the appearance of the work gives no cause for suspecting 
anything wrong. The lead is smoothly turned into its reglet, and 
the [ijroove filled with cement ; the soldering is well done, and the 
lower edge at the proper distance from the roof, and all closely 
dressed down to tlie stone-work. We take a convenient stick, and 
turn up the edge of the lead cap far enough to \e able to inspect the 
flashing beneath. Instead of extending up the wall to within half 
an inch or less of the reglet in which the capping* is inserted, it is 
turned up only about an inch and a half, so that the cap just covers 
the edge. 

Turning to the abashed roofer for an explanation, liq says that he 
saw no necessity for turning flashings up eight inches, which would 
be the distance between the roof surface and the reglet : that two 
inches was enough for any one, etc. We do not stop to * argue the 
question, but simply direct the cap to be turned up throL\ghout its 
length, the under flashing to be replaced in accordance wit.|i the or- 
ders first given, and the whole left exposed for a second in fpection 
before the lead cap is turned down again into its place. TaLing the 
roofer with us, we make our way to the other gable, whe.« both 
upper and under flashing prove to be of the requisite width, 1 )ut the 
lead, instead of being cemented into the groove, is wedged i n with 
slips of wood. We have these replaced with slate chips, an«d the 
groove filled with fresh cement; then look to see if the tarred felt 
which is being spread over the roof under the slate is flexible , and 
the rolls perfect, instead of being, as sometimes happens, full of Jioles 
and flaws, and the material itself brittle and rotten. A glan ce is 
sufficient to satisfy us in these respects, and our duties are ovc »r for 
die day. 
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Aietterreceiyed from the architect before our next visit explains 
the unfortunate oversight in relation to the girders in the ceiling of 
tlie 8ociet)'-rooQL It seems that three columns had been indicated 
in this room to support the line of girders, dividing the length into 
loar spans, for which the timber would have been sulHcientl/ strong, 
snd the estimate had been made including this arrangement, and the 
contract signed in accordance with it. Immediately after the sign- 
ing of the contract, however, the rector of the church had repre- 
sented to the architect the inconvenience which would be caused by 
the row of pillars through the middle of a room devoted to so many 
uses, and had engaged him to reduce the supports to a single central 
eolomn, strengthening the girders sufficiently to compensate for the 
increase in their length. As time pressed, the architect had hastily 
erased two of the columns from the tracing of the basement plan sent 
to the contractor for commencing operations, leaving only the single 
central one, fearing that any delay might cause useless foundations to 
be put in for the pillars first shown, and intending to arrange for the 
substitution of iron beams, or girders strengthened in some other 
way, for those specified ; but this had slipped his mind until he re- 
ceived our letter. As a considerable saving in cost was effected by 
omitting the two iron columns, a corresponding allowance would 
have to be made from the contract price, to be offset against the ex- 
tra cost of strengthening the girders. Just how this should be 
effected he did not wish to dictate positively. His own idea had 
been to substitute two rolled-iron beams, placed side by side 
and bolted together, for each of the wooden girders, but this would 
be expensive, and although he was not restricted as to the cost of 
making the change desired by the rector, he would like to save the 
church all needless expense, and if we could devise any cheaper 
mode of trussing the present girders, or otherwise supporting the 
floor, he would leave the matter wholly to our judgment, in which 
he had great confidence. The girders, he would remind us, were in- 
tended in any case to be plastered over. ^ 

^ The writer feels as If he owed an apology to his imaginarj architect for exhib- 
Ing him as guilty of so many mistakes and oversights, but he Is anxious to Im- 
«■ npon the minds of his readers the lesson that an efficient snperlntendent 
kKmld be able to erltlolae and correct In good time, If necessary, the work of the 
idiitect, and to act in his stead npon occasion. His ability to do so will not be 
QLQly to make him over-forward In thrusting himself Into the other's place. 
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In accordance with the instructions contained in the letter, we 
set ourselves to derise, if possible, an inexpensive mode of trussing 
the girders to which it relates, and thereby fulfil the architect's 
wishes by saving the cost of iron beams. Some further calculations 
will be necessary to test tiie expedients which occur to us. The 
present girders have been proved to possess only about one-fourth 
the requisite strength. The most natural way to increase this would 
bo to add other timbers beside the original ones. If four girders 
of equal size with the one we have were placed side by side, and all 
bolted together, so that any burden on one would be resisted by the 
combined strength of the four, the problem would be solved, but in 
a very awkward manner, since the cap of the single column would 
have to be dangerously extended in order to support the ends of all 
the girders. 

Perhaps this might be obviated in another way. Recurring to 
the formula for transverse strength of beams, we notice that while 
the resistance increases directly as the breadth of the timber, it is 
augmented in proportion to the square of its depth, so that although 
a single beam of four times the strength of one girder, and of the 
ftame depth, would need to be four times as broad, a beam equally 
strong would be formed by a timber of the same breadth, but of 
only twice the depth. As our present girder is 8 inches broad by 
12 inches deep, a stick 8 inches by 24 would just meet our wants. 

Unfortunately, it is impracticable to procure beams of such di- 
mensions, and we must try some other expedient It would be of 
no avail to put a second 8x 12 girder below the first; each of them 
would bend independently of the other^ and their united strength 
would be that of two beams only, instead of four. 

Iron might be employed for strengthening the wooden sticks. A 
strip of boiler plate, 12 inches wide and half an inch thick, might 
be bolted on each side of the present girder, strengthening it per* 
haps sufficiently ; or rods might be used to form a " belly-truss " 

while it may save the latter inilnite troable and anzieij. For this reaaon the 
writer ropreeents hia architect as neglectful and ignorant, solely for the sake of 
Bho\ring the way in which the good superintendent can bring him out of his er- 
rors with credit, or, if both offices are united in one person, how the architect can 
extricate himself from them. It must be remembered that our hero, whatever 
he may be called, can only give proof of his varied ability by being fnmlabed 
with ooeasiona for exhibiting it. 
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(Fig. 63), tlie strength of which woald depend mainly on the depth 
which could be given to it. 



-•-==7::: 



Fig. 63. 

Tliis woald, however, cause an unsightly projection into the room, 
which must be furred over to conceal it, and the trussing, though 
cheaper than the ditch-plates, would still be somewhat costly. 

Reflecting upon all these devices, it occurs to us that if a second 
beam similar to the present one could be placed below it and 
strongly connected with it, so as to constitute practically one timber, 
the desired result would be attained in a form extremely compact 
and simple. Turning to some text-books which we have brought 
with us, we learn that this can to a limited extent be accomplished 
by bolting or strapping the two pieces together, and either indenting 
them into each otlier as in Fig. 64, or notching them and inserting 
hard-wood keys, as in Fig. 65, the sole object of the indentations or 
keys being to prevent the slipping of the contiguous surfaces of the 
beams upon each other, so that in order to bend, the whole of the 
lower part of the compound beam must be stretched, and the whole 
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Figs. 64, 65. 

of tlie upper part compressed, just as if the beam were in one 
piece (Fig. 66), instead of the upper and lower halves of each stick 
undergoing their own separate compression and extension, as in 
Fig. 67, which shows the action under stress of beams superposed, 
but not keyed together. 

The books inform us that compound beams so keyed together and 
tightly bolted are nearly equal in strength to a solid stick of the same 
dimensions, bearing in mind that the depth of the indents or notches 
Cor keys must be deducted from the total depth of the two timbers 
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in order to obtain the effective depth which can alone be used as a 
factor in calculating the strength. 

This expedient may furnish us with a resource, but we find on 
careful study that if eight keys were used, which would be a suffi- 
cient number, the depth of each would have to be within a small 
fraction of four inches, two inches being cut out of each timber; 
and in order to obtain a net depth of 24 inches, which is what calcu- 
lation shows to be necessary for the strength which we require, thd 




Figt. ee, 67. 

aggregate depth of the two sticks before cutting must be 28 inches. 
Hence, as the one already in is 12 inches deep, the other must be 
16 inches. A 16-inch Georgia-pine timber happens in this place t« 
be difficult to obtain, the stock sizes running only to 14 inches; 
so, after considering this objection, we are induced to search for 
some still further means of so combining the two beams as to secure 
the whole substance of the lower one for resisting tension, and of 
the upper one to resist compression, the essential requisite for 
enabling the compound girder to act as a single timber. 

Calling to mind the construction of certain bridge trusses, in 
which the upper chord is brought completely into compression and 
the lower one into tension by means of inclined struts, which resolve 
the downward pressure upon them into a push with their beads in 
one direction, and with their feet in the opposite direction, and be- 
ing arranged so that half of them point one way and half of them 
the other, mutually act to compress the upper and to stretch the 
lower chord with their united force (Fig. 68), we reflect that if 
similar means could be applied to two superposed beams, the result 
might be just what we desire. 
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The action of the oblique struts in the bridge can be applied to 
the compound beam in the simplest possible way by nailing oblique 
pieces of board firmly to the timbers, reversing them on opposite 
sides, in imitation of the reversed itruts in the biidge truss (Fig. 69). 
If these boards are 1^ inches thick, their united strength will be 
greater than that of either of the beams, and if well nailed, so as not 
to spring, the lower beam will be torn apart before they will yield. 




Fig. 68. 

The nails, if long enough to penetrate three inches or more into the 
girders, can only give way by shearing, which would require a force 
greater than would be necessary to break a solid beam. The 
strength of a girder built up in this way will not be affected by 
shrinkage, which soon causes more or less deflection in those in- 
dented or keyed together ; for its resistance is maintained by the 
board struts, which act only in the direction of their length ; and 
this remains invariable whatever may be the lateral shrinkage. 




Fig. 69. 

As a compound beam of this sort is a novelty in construction, we 
do not venture, although the theory appears satisfactory, to apply it 
to the important case before us without testing it by models. Two 
or three of these are quickly made, at one-eighth the size of the real 
girder, the two sticks which we propose to combine into one being 
accurately cut out of Georgia pine, each 1 inch wide by li^ inchea 
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deep. At the same scale with the other dimensions, the length, 
to represent the length of the real girder, would be about 2^ 
feet, but if our theory is correct, even the small model, if cut so 
short as this, would require a distributed load of nearly 4,000 
pounds, or a centre load of about 2,000, to break it. We can, how- 
ever, reduce the transverse strength by adding to the length, and if 
this is made 10 feet, or four times that first proposed, the centre break- 
ing weight will be approximately 500 pounds, — ^ of the first result. 
This is quite within our reach, and we cut off the sticks at 11 feet 
length, set them one above tlie other, and put on each side slips of any 
wood at hand, a little more than ^ inch thick, set at an angle of 45° 
with the top of the beam, and nailed witli small brads, about | inch 
long, tliree in each end of each piece. These very well represent 
the spikes to be used in the real beam. 

Setting up two trestles, with triangular pieces put on top so as 
to give supports exactly ten feet apart, we hang a " scale," or plat> 
form suspended by ropes, which is used to hoist bricks or other ma- 
terials to the centre of the model beam, first weighing it accurately. 
Before going farther, posts must be set up in pairs, enclosing the 
model beam between them with just enough room to allow it to deflect 
freely. This is to prevent the beam from turning over on its side^ 
which so small a stick is liable to do under a centre load. Then 
bricks are piled on the scale, weighing each one before adding it. 

The centre breaking load of a solid (reorgia-pine beam 1 inch 
wide, 3 inches deep, and 10 feet long, is 495 pounds : that of two 
sticks each 1 by 1^ inches, by 10 feet, superposed, but not connected, 
would be 247^ pounds. The strength of our model cannot possibly 
exceed the former, but should, if our reasoning is correct, approach 
it. As the weights are placed one by one in the scale, we add up the 
total load, and experience a lively interest as the stress upon the 
beam begins to approach four hundred and fifty pounds, without any 
sign of giving way. The deflection is considerable, and the model 
is evidently under severe strain, so, to avoid the shock caused by the 
placing of a brick on the pile, we increase the load more gently by 
pouring on weighed portions of sand. Four hundred and fifty pounds 
are passed ; then four hundred and sixty ; and little by little the 
weight approaches four hundred and seventy. Just as this point is 
reached, a warning crack is heard, and we stop ; but nothing fur* 
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ther follows ; we recommence pouring, but before another pound is 
added, the beam yields, letting the scale drop suddenly, and on ex- 
amination the lower stick of the combination is found to be torn 
asunder. No change whatever is observed in the board struts. 

The second model breaks at four hundred and seventy pounds, and 
a third at four hundred and seventy and a half. Comparing these 
with the calculated strength of a solid beam, we find that the girder 
built up by our simple method proves to possess a strength about equal 
to ninety-five per cent of that of a solid beam of the same breadth and 
depth ; a result superior to that obtained by indentations, or keys 
and bolts or straps, and at a fraction of the expense. The carpen- 
ter, who had viewed our preparations with an ill-concealed scorn for 
M them little slivers," is profoundly impressed at the resistance which 
the slender model displays, and respectfully listens to our directions 
as to the mode of trussing the larger timbers. A very simple calcu- 
lation only is needed to show that if the strength of one 8" x 12" girder 
of the given length is sufficient to carry safely 21,478 pounds, as 
previously ascertained, a solid beam of equal width, but twice the 
depth, would carry four times as much, namely, 85,912 pounds, and 
that if for the solid beam of 8 by 24 inches a compound girder were 
substituted, built up of two superposed 8 by 12 sticks in such a man- 
ner that it possessed ninety-five per cent of the strength of a solid 
beam, tliis built-up girder will sustain safely 81,616 pounds. As the 
load upon our floor with 120 possible pounds of humanity per square 
foot added, and including the weight both of the girder now in place, 
and the new one added beneath it, will be but about 79,200 pounds, 
this construction gives us assurance of success, and we hasten to put 
it into execution. Since the compound beam thus made forms virtually 
a lattice truss of which the upper and lower chords are in contact, its 
strength, like that of all trusses, could be increased by separating the 
beams, so as to make the depth of the truss greater, and in this case 
the side struts should be stronger in proportion to the longitudinal 
timbers. Our girder is, however, strong enough, and more compact 
than a truss. It is quite important to gain all the room possible be- 
neath the girder, as well as to have it rest properly on the cap of the 
colomn, so we will, after shoring up the ends of the beams on each 
side, cut off the portion which overlaps the girder, and after this 
has been reinforced with the second stick, and the boards nailed on, 
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the compound beam can be pushed up between the ends of the joUta 
flush Tvith their top, and these will then, instead of resting directly 
on the girder, be supported by strips of wood 2" x 4", spiked to the 
girder on each side over the board struts. 

Having made careful notes of the quantity of extra timber used 
for the new trussed beams, and of the time occupied in cutting out, 
making over and replacing the work, in order to adjust the cost sub- 
sequently, we turn to look at the lining wall of the room, which is 
being built up inside the stone-work. As this wall is to be plastered, 
care must be taken not to " strike " the mortar joints ofE flush with 
the surface of the brickwork, thus taking away the projections 
needed for the plaster to cling to. The common way of reserving a 
proper " key ** is to leave the mortar irregularly projecting, as it is 
squeezed out of the joints when the bricks are hammered into place 
with the trowel ; but many builders find that the annoyance caused 
by the occasional projection of the dried mortar beyond the line of 
the plastering is so great that they prefer to lay the horizontal joints 
full of mortar, striking them off smooth, but to lay the vertical joints 
" slack," that is, only partly filled with mortar, so as to leave cavities 
into which the plaster can penetrate and obtain a firm hold. 

The lining wall is often -buQt before laying the floor-beams, which 
rest on this, and not on the main mass of masonry ; but, although a 
four-inch brick wall, well tied to a thicker one behind it, possesses 
surprising strength, the unusual weight of the tiled chancel floor 
makes it desirable to support the beams which are to carry it on the 
heavy outside wall. In the tower vestibule, however, there is no ob- 
jection to resting the timber ceiling on the lining wall, which, being 
of face-brick, will not be built until near the completion of the struct- 
ure, to avoid marring it. 

The piers are next inspected, and prove this time to be well built, 
of bricks properly soaked in water, and laid witii cement mortar. 
One or two are crooked or out of plumb, and we order theo\ to be 
taken down and rebuilt; and in a few instances chips of wood have 
been used as wedges between the top of the piers and the girders, 
which, as they would soon shrink and allow the floor to shake, we 
have replaced with stone chips or slate and cement. 

The church at our next visit is a maze of scaffolding, put up for 
the use of the plasterers, and furring is rapidly going on. The up- 
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right studB against the walls are all in place, and spiked as strongly 

as maybe to the masonry. Some builders rake out a joint, and drive 

in a wedge-shaped piece of 
wood for nailing the fur- 
rings to, and others build 
" wood bricks," or short bits 
of joist, at intervals into the 
walls, for the same purpose ; 
but such pieces are very apt 
to shrink so much as to be- 
come loose, while the driving 
\ of wedges may endanger the 
stability of the wall, so that 
the practiee of driving the 
spikes directly into the mor- 
tar is generally preferable. 
Very rarely the joints are 
raked out and slips of lead 
laid in, the spikes being driv- 
en between these, but the 
At all events, it is desirable an^I 

nsaal to stiffen the upright furrings by angular bridging (Fig. 70) 

in the same manner as a 

partition. 

Some precautions 

shonld at this stage be 

taken to lessen the dan- 

g e r o u s 1 y inflammable 

qnality of this light con- 
struction. As adl those 

experienced in fires 

know, the furring studs 

set against the walls of 

stone structures form 

lofty flues of inflamma- 
ble material behind the 

plastering, up which the 



Fig. 70. 

gain is hardly worth the expense. 




He. 71. 



flames run with incredible rapidity, urged by the strong draught 
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which can at all times be felt rushing up through them, and a small 
fire originating in the basement of such a building usually breaks out 
immediately in the roof, where it is uncontrollable. The means for 
preventing this, and confining an accidental fire within the limits 
where it can be reached and extinguished, are extremely simple : a 
single row of bricks laid in coarse mortar on the fioor between the 
furring studs will cut off the communication between the cellar and 
the space behind the plastering, so that a fire catching in the base- 
ment from spontaneous combustion of coal, proximity of smoke-flues 
or furnace-pipes to wood-work, or any other cause, is compelled, for 
want of access to the concealed passages behind the furrings, to bum 
through into the room, where it may blaze for hours without doing 
much harm, and is easily quenched with a few pails of water. Two 
rows of bricks are still better than one, and the only precaution to 
be observed is to fill up the whole space from the stone wall to the 
inside finish, — wainscoting, sheathing, plaster or base-board, — with 
the mass, so as to leave no openings. If a second barrier of coarse 
mortar and chips is laid on top of the bridging (Fig. 71) all around 
the building, it will be doubly protected, and its destruction by fire 
will be rendered slow and difiicult. 

While the furring is going on, the plastering mortar should be 
mixed, and the door and window frames set. In brick buildings the 
latter are usually set in place at the beginning, and the walls built 
around them, and this is sometimes done in stone structures, but not 
by the best builders, as it is difficult to keep the frames from being 
knocked slightly out of shape by the setting of the heavy stones 
against them ; and by laying the stone-work separately, with plumb 
rule and level, and afterwards trimming it, a much smoother and 
straighter surface is obtained, against which the frame can be fitted 
weather-tight, without the unreliable and often unsightly pointing 
from behind with mortar which the other ipethod involves. 

With the best of workmanship, however, crevices are sometimes 
left through which the wind can penetrate, and wherever the wind 
can go, rain and snow will follow, so that a certain amount of pack- 
ing is generally necessary. This can best be done with cotton, driven 
in between the wood and the stone, where it is kept permanently in 
place by its own elasticity, while it checks the current of air veiy 
effectually. 
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The plastering is briefly specified to be the best three-coat work, 
sand finished throughout At least as soon as the furring is begun, 
the superintendent should see that the materials are at hand for 
making mortar enough for tlie whole of the plastering. By recol- 
lecting that one hundred square yards of three-coat plastering re- 
quire tliree casks of lime, three one-horse loads of sand, one and a 
half bushels of hair, and about two thousand laths, the total quan- 
tity needed of each is easily reckoned. A place should then be pre- 
pared without delay, where the whole mass requisite for the first, or 
scratch, coat can be mixed and allowed to cool for a week before any 
of it is put on the walls. In this way only can we guard against the 
oc«iurrcnce of particles of unslaked or partially slaked lime in the 
mortar, which will continue to absorb moisture after being spread on 
the laths, and perhaps months later will cause small cracks or blis- 
ters, or throw off little chips from the plastering, disfiguring it very 
mnch when it is too late to remedy the evil. 

In regard to the manner of mixing, the practice varies. Occa 
sionally a mason is found who is willing to slake the lime by itself, 
and leave the paste for several days or weeks, — a year, even, in some 
cases, — during which it becomes somewhat more firm, and acquires 
a beautifully smooth, ''fat*' quality, something like cream cheese. 
This heap of paste is drawn upon as wanted, and mixed with the 
proper proportion of sand and hair, then put immediately on the 
wails. The disadvantages of this process are the difficulty of dis- 
tributing the hair evenly through the stiffened paste without the 
help of water to loosen the tufts, and the increased labor required 
for working the mortar. The advantages are the perfect hydration 
of the lime, by which chip-cracks and blisters are wholly avoided ^ 
the smoothness and hardness of the finished plastering, and its 
greater tenacity, since the hair, not being added until the lime is cold, 
retains its full strength, instead of being burned and corroded by 
steeping in the hot, caustic mixture which is the first result of slak- 
ing. Few builders, however, are disposed to proceed in a way so in- 
convenient to them, and content themselves with spreading out the 
lime, pouring on water from a hose, and after a little stirring adding 
the iiair, which is mixed into the steaming liquid, and tlie sand im- 
mediately thrown over it, incorporated as well as may be, and the 
whole mass piled up for use. The hair in this case deteriorates as 
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fast as the lime improves, and a season of cooling which would be 
very beneficial to the latter ingredient will nearly destroy the 
former, so that a course must needs be taken midway between the two 
extremes. 

Whatever mode is adopted, a clean floor of planks must be laid, 
with sides a foot high or more, to keep dirt from being mixed with 
the mortar. There is a process, said to be in vogue in certain coun- 
try districts, of slaking the lime upon the ground, and then hoeing 
up grass, roots, soil and lime into a viscid mess, which is spread upon 
the laths, where it stays long enough for the mason to get his pay ; 
but such methods of construction are not witliin the scope of this 
work. 

It is not always easy to tell by the appearance of a heap of plas- 
tering mortar whether the lime, sand and hair are of good quality 
and in suitable proportion. If properly mixed, which will be shown 
by the absence of streaks in the mass, a small quantity of the mor- 
tar should be taken up on a trowel, slate or piece of board. If it 
hangs down from the edge without dropping off, the quantity of hair 
is sufRcicnt ; or, if it is practicable to see the mixture made, one 
bushel of hair to each cask of lime in the first coat will be the proper 
I)roportion. The quality of the hair can be tested in the same way. 
Long ox-hair is perhaps the best. It is strong, and the fibres an 
inch or more in length. Groat's-hair is longer, but not so strong, and 
short cattle and horse hair is of the least value. On drying a small 
quantity of mortar, an excess of sand will be shown by its being 
easily rubbed away with the fingers. The quality of the lime is best 
tested by observing the slaking. For plastering, lump-lime only is 
used in ordinary cases, and it should slake energetically and fall into 
a smooth paste, without any refractory lumps or particles of " core." 
If such arc found, all the casks of that brand should be rejected. 

Before lathing, grounds must be put on wherever necessary. 
These are strips of wood planed carefully to a uniform thickness, 
seven-eighths of an inch or more where the plastering is to be three- 
coat, or three-fourths for ordinary two-coat work, secured to the fur^ 
rings in such a way as to give convenient nailings for the subsequent 
finishings ; one row, for instance, being set an inch or so below the 
top of the future base-board, two or three in the height of a wain- 
scoting, a border around each door and window, and so on. Being 
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Figs. 72. 73. 



of equal thickness, and usually straightened with the straight-edge 
and plumb rule to correct any irregularity in the f urrings or studs, 
they afford guides for bringing the plaster to an even surface. 
Farther guides are formed by the angle-beads, or grounds of other 
shapes, which are secured to the corners of the walls before lathing. 
The customs of different localities vary 
in this point, and the superintendent 
will probably be asked to decide on 
some particular mode, if the specifica- 
tion gives no definite instructions. 

In the Eastern States, where walls 
are almost invariably papered or deco- 
rated as soon as finished, it is usual to 
nail to the studs at the angles a mould- 
ing in section like Fig. 72 or 73. This 
serves as a guide for putting on the 
mortar, and when the plastering is com- 
pleted gives a finish to the corner which 
is not readily broken or scratched, and 
is easy to cover with paint or paper to 
good effect. In New York and other 
places where a pure white hard-fin- 
ished surface is or has been fashion- 
able, it is customary to turn the corners 
by means of a " rule-joint," worked in 
the plastering itself, and consisting of a 
vertical semi-cylindrical moulding some 
three-fourths of an inch in radius, which 
stops against a bevelled surface a little 
below the cornice and above the base- 
board or wainscot (Fig. 74). 

These rule-joints are beautifully ex- 
ecuted by the best plasterers, but they 
cause a rather awkward succession of 
breaks in the vertical line of the angle, 
since the plaster must be fully brought out to the corner above and 
below all mouldings, as otherwise a troublesome horizontal surface 
would be left (Fig. 75), which with the small wooden angle-bead i*> 
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not noticeable ; and they are liable to scratches and abrasion during 
the progress of the work and afterwards. This risk of abrasion is 
with plaster angles a serious matter, and the difficulty of the common 
rule-joint is sometimes overcome by squaring out the plaster to the 
edge, and subsequently putting on a wooden saddle-moulding (Fig. 76) 
cut out of a solid piece, but tliis device has little to recommend it 
For so large a building as a church, the rule-joints have a massive 
look which is pleasing, so we choose this method of finishing the cor- 
ners, and leave the lathers to their task, first enjoining upon them to 
set the laths at least three-eighths of an inch apart, and to break joint 
every six courses. 

The weather having now settled to steady cold, it will be necessary 
to heat the building by artificial means, to prevent the piaster from 
freezing, which will disintegrate it and cause it to crumble and fall 
off the laths. Some supervision should be exercised over the stoves 
or furnaces employed for the purpose, as workmen are incredibly 
careless and indifferent about the dangers to which they expose the 
property of other people. The windows must be well closed with 
boards, and temporary windows inserted* 
After the first, or scratch, coat is partly 
on, the superintendent should endeavor to 
look behind the laths, to see if it has been 

well trowelled, so as to 

press the mortar through 

the openings and cause it 

to bend over by its own 

weight, forming a hook by 

which the plaster is held 

to the laths. As this 

is the only way in which 

the whole substance of the 

plastering can be kept on 

the walls, it is very neces- 
sary that ceilings should 

clinch well over every lath, 

and walls over every sec- 
ond or third lath. The 
scratching should be thoroughly done, as it affords the key for the 
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•eeond coat, and there should be no appearance of tufts of hair, which 
would show that the mortar had not been thoroughly mixed. 

Care should be taken to see whether the specification directs that 
the plastering shall be carried to the floor everywhere, or only to the 
grounds. 

It is so habitual with builders to plaster only to the grounds that 
they frequently overlook the directions which require a better mode. 
Of course it is unnecessary to carry the hard-finish behind the .wood- 
work, but the first two coats should be required, if any plastering in 
that position is specified. 

By the second, or brown, coat, all the surfaces must be brought to a 
true plane, the angles made straight, the walls plumb and the ceil- 
ings level, since no effectual corrections can be made afterwards. 
The wall-spaces in the interior of the church are so broken that no 
great care is required to obtain a true surface, and we may content 
ourselves with a close examination of each, to detect irregularities, 
and tufts of hair, which will make unsightly spots in the finished 
work. The brown coating must on no account be allowed to begin 
until the first coat is thoroughly dry. Men accustomed to two-coat 
work, in which the first coat is often only superficially hardened 
when the second is put on, frequently treat three-coat work in the same 
manner, thereby weakening or sometimes ruining the whole. If part 
of the walls are to be plastered on brickwork, and others on laths, 
the scratch coat is put only on the laths, and when this is dry, the 
brown coat is spread over the whole, including the brickwork. 

After the brown coat is dry and hard, the rule-joints at the angles 
should first be made, and the hard-finish then applied. This, instead 
of being mixed with little or no sand, and with a portion of plaster of 
Paris, as would be proper for a smooth surface, should for our purpose 
contain a large proportion of rather coarse sand, sifted so as to be 
uniform in grain, and little or no plaster of Paris, which would set 
so quickly as to hinder the thorough rubbing with the float which 
is necessary to bring the sand evenly to the surface. 

The plastering once dry, the wood finishing can proceed without 
iiindrance. The superintendent must henceforth devote himself con- 
scientiously to the study of the detail drawings as they arrive from 
the architect's ofiGice, and endeavor to forestall any slight mistakes or 
misfits, which are sure to happen through the unavoidable variation 
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of the finished work from the exact dimensions shown on the plans. 
If a panelled wainscot is shown, he should measure on the spot the 
lengths of the various portions of wall to which it is to he applied, 
and compare them with the drawings, spacing ofiE the panels as shown 
in the details, so that there may be no awkward want of continuity, 
or disproportionate members at the angles. The stock for the wood- 
work must also be looked after. A load of hard-wood lumber inev- 
itably contains a large percentage of worm-eaten, stained or other- 
wise defective pieces, which must have the defects cut out in work- 
ing them up, and a sharp eye is needed to see that this is done, — 
that a piece of black walnut streaked with white sap is not put into 
an out-of-the-way panel, or a knot cut out and a patch inserted in 
another place, where it may be unobserved while fresh from the 
sand-paper, but will grow more conspicuous afterwards. Any care, 
lessness or want of decision on the part of the superintendent is apt 
to be taken advantage of. 

Generally, where the floors are double, all bases and wainscot- 
ings and other " standing finish '' are put on before the upper board- 
ing is laid. In this way the base-boards, which extend half an inch 
or more below the surface of the upper boarding, which is laid up 
against them, can shrink, as they are certain to do more or less, 
without opening a crack between them and the floor, and no care is 
needed in fitting them to the floor (Fig. 77), while with a single floor- 
ing it is customary either to '' scribe " the base to the boards, so as 

to fit minutely all their 
irregularities, which an- 
swers well enough until 
the shrinkage of base 
and floor-beams draws 
them apart; or to plough 

^the base laboriously into 

^'^•- ^^' ^8- the floor (Fig. 78). In 

our building we follow the former course in all parts except the 
chancel, whose tiled surface cannot well be fitted against the wood- 
work. As tiles and marble are easily injured by the operations of 
workmen, we will wait as long as possible before undertaking this 
portion, carrying the nave nearly to completion before touching the 
chancel at all. 
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When all the wood-work in the nave is finished except laying the 
apper floor, the marble steps at the chancel entrance may be set 
upon the brick waU built up to receive them. 

The young superintendent should be familiar, from observation 
and comparison at some good marble-worker's, with the appear- 
ances which characterize the different qualities of marble : in this 
way only can he judge with certainty whether the proper kind of 
material is furnished. Often pieces of marble whose appearance is 
Injored by obtrusive spots or streaks are sent instead of the best 
quail tyy under the pretext that there is nothing better, and some- 
times even a coarse, soft Vermont marble, streaked with a blue some- 
what resembling the Italian, is palmed off on a contractor in place 
of it, but the inferior kind can easily be distinguished by its coarse 
grain, and the yellowish cast of the white portions. 

As soon as the steps are accurately set, they should be protected 
with boards, and the laying of the tiles may begin. For convenience 
in building, an under floor has been laid over the chancel, as well 
as the nave and aisles, and this rough flooring should now be taken 
np, sawed into short pieces so as to fit between the beams, and these 
pieces laid in, on strips previously nailed to the sides of the beams. 

The best, and the only durable, way of laying encaustic tiles on a 
floor framed with wooden beams is to make the foundation for them of 
bricks set edgeways on the short pieces of board between the beams, 
but to save material the bricks are sometimes laid flat, though the 
result is much inferior. In our case the proper mode is specified, 
and it is only necessary for us to make sure that the strips or '^ fil- 
lets ** are nailed on at the proper distance from the top of the beamsr 
a matter about which workmen are very careless. 

The tiles are from ^ to -| of an inch thick, and to ensure a contin- 
uous but thin bed of cement between them and the brick, the top of 
the latter should be } of an inch below the line of the finished floor. 
The brick to be used may measure from 3 to 4^ inches in width, ac- 
cording to locality, so we try those on the ground, and find them to 
vary from 3^ to Sf inches. The maximum width must be taken, 
which added to the f of an inch for tiles and cement gives 4^ inches 
depth from the finished floor to the boarding, or, as the boarding is { 
of an inch thick, &| inches from the finished floor to the top of the fillet 
The beams should stand in the same relation to the tiling as they 



104 BUILDINa SUFERIMTENDEKGE. 

would to a wooden floor of double boarding, in order to avoid a disa- 
greeable break between the chancel floor and that of the adjacent 
rubing-room, and as each portion of the double flooring is j- of an 
inch thick, the whole distance from the finished floor to the beams 
will be 1} inches, which being deducted from the distance last fonnd 
will give Sf inches as the proper gauge from the top of the beams to 
the top of the fillet. A thorough understanding of this matter will 
save much subsequent annoyance and expense in cutting off brick 
which are too high, or concreting up from a surface set too low. 

It is better and much more economical to have tiles laid by the 
parties who furnish them, and contracts are generally made for the 
floor complete, but cases may occur where the local masons will be 
called upon to do the work. In such cases the brick surface must 
be swept clean and thoroughly toetf and the tiles must be soaked in 
water for some time before they are used. Without these precau- 
tions, either the brick or the tile will absorb water from the thin 
layer of cement between them, making it powdery and useless. The 
best Portland cement only is suitable for use — the American brands, 
if fresh, being quite equal to most of the English as generally found 
in our markets — and is to be mixed rather thin, without any addition 
of sand. The pattern must be commenced yrom (he centre, which is 
to be very exactly ascertained by previous measurement, and straight- 
edged strips of board should be put down as guides for each day's 
work, not only for regulating the lines of the pattern, but also for 
securing a uniform surface, which is done by first levelling them 
carefully, and setting the tiles by means of a straightedge resting 
on the strips. Each tile is set in a bed of cement spread for it, and 
beaten down to the proper point with the wooden handle of the 
trowel. After a sufficient number have been laid, the joints may be 
grouted with liquid cement, which must, however, be immediately 
wiped off the surface of the tiles, since it is difficult to remove it 
when dry. 

If the cement is good, the tiles cannot, after a few days, be re- 
moved without breaking, so that too much care cannot be exercised 
in placing them properly at first. When the pattern reaches the 
edge it is usually necessary to cut many of the tiles. This can be 
done by soaking them well in water, and then scoring a line with a 
sharp chisel where the separation is to be made ; then placing the 
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chiwl exactly on the line, a sharp blow will divide the tile neatly. 
Wide chisels should be used, and unless the tile is well soaked, it is 
apt to fly into fragments. 

After the floor is done, it is covered with sawdust an inch or two 
deep, and planks laid over it to walk on. The base-boards and wain- 
scoting are tlien fitted down upon it. The marble tiling is laid in the 
same way, on bricks set on edge, but the marble is thicker, usually 
var}'ing from seven-eighths to one and a quarter inches, the under 
side being quite rough ; and the fillets should be set accordingly. 
The laying is much easier than that of clay tiles, and mortar of 
cement, lime and sand in equal parts may be used. 






Hg. 79. Fig. 80. Fig. 61. 

By the time our building has reached this point, spring has ad- 
vanced, and the warm, moist days of May present the best possible 
opportunity for pointing and cleaning down the exterior of the 
stone-work. The brownstone ashlar will look best if pointed with 
mortar of nearly the same color as the stone, which can be made by 
mixing burnt umber with the cement used. The best Portland cem- 
ent is preferable to any other, and is to be thoroughly mixed with an 
equal bulk of sand, and such coloring matter as may be required, 
bnt with only just water enough to give the compound a mealy con- 
sistency. The old mortar is raked out of the joints to a depth of 
an inch, or if, as is likely, that in the upper part is found to be frozen 
and powdery for a greater distance inward, it should be completely 
removed as far as the freezing has extended ; then the pointing mor- 
tar is inserted and strongly driven in with a steel jointer or S-shaped 
instrument, rubbing it until the moisture is squeezed out upon the 
mrface. The tool is formed to mould the edge of the joint in various 
ways as it is rubbed. The most durable form is the hollow (Fig. 79), 



106 BUILDma SUPEBINTENDENCE. 

but the half-round (Fig. 80) is often used, as well as the fillet 
(Fig. 81). In the two latter the mortar is less thoroughly com- 
pressed, and the projecting part maj fall off. 

The cleaning down is done, with muriatic acid and water, applied 
with a sponge, and followed with pure water. This removes the lime 
stains, and leaves all neat. 

The subsequent operations in the church, such as painting, glazing, 
and decoration, can best be studied in connection with other constnic- 
tions in which they play a more important part. ' 
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CHAPTER II. 
WOODXK DWELLmO-HoUBES. 

Onb of the most difficult portions of an architect's business is 
precisely that which amateurs usually imagine to be the easiest, — 
the superintendence of the work connected with (dwelling-houses. It 
is natural to suppose that an intelligent householder, who has spent 
a large part of his time for years in observing the defects in his own 
habitation, and comparing it with those of his neighbors, would find 
no difficulty in directing the construction of a similar building, but 
esperience soon shows that the knowledge which most persons have 
of ihe structures they live in is a very superficial one, consisting in 
the observation of results, rather than of the processes by which the 
results are obtained ; so that the amateur house-builder is apt to find 
himself quite at fault in endeavoring to give the necessary prelimi- 
nary directions for securing the particular objects of strength, dura- 
bility, healthfulness, appearance or finish which he has most at 
heart Nevertheless, it is often necessary, and always desirable, that 
unprofessional persons should be able to direct the operations of 
mechanics, and make contracts for various kinds of work, and it is 
hoped that the suggestions contained in the following pages, although 
intended primarily for young architects and superintendents, will 
not be found too technical for the ordinary reader, and that the 
explanations given with regard to the objects which it is desirable to 
seek, and the means by which they can be attained, will be found 
serviceable to the large class of persons who are interested in build- 
ing, either ^or themselves or others, as well as to those occupants of 
houses already built who would be glad to understand more clearly 
the structure of their dwellings, with a view either to the correction 
of defects, or the planning of improvements. 

The point in which amateurs are particularly liabk to fail is tb* 
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choosing of a proper site, and as even experienced architects are not 
always successful in this respect, a few directions in regard to the 
placing of houses upon the ground should not be omitted. 

In all cases it is essential to determine the position approximately 
before the plans are begun, in order that the building may be so ai^ 

ranged as to present an agreeable appearance from 
"^LcHjatlon?* *^® neighboring streets, securing at the same time the 

greatest pleasantness of prospect from the windows, 

with the md^t cheerful light and sunshine in the rooms, that the sitr 

nation can be made to yield. In our climate, the best aspect for the 

^^^^ windows of living-rooms, particularly of bed-chambers, 

is south or south-east. Such rooms are warm in win- 
ter and cool in summer, and cheerful at all seasons. Next to a 
southern exposure, the eastern is the pleasantest, and may be appro- 
priated for dining-rooms, which will thus enjoy the advantage of the 
early morning sunshine, with coolness during the rest of the day. 
Between the western and the northern aspect there is Httle to 
choose; the cheerlessness of the one is hardly more objectionable 
than the heat, on summer evenings, of the other, so that these sides 
of a dwelling-house should, as far as possible, bo given up to inferior 
rooms, halls and stairways. Of course, considerations of prospect 
and position with respect to the approaches must affect the plan more 
or less, but the skill of the designer will be shown by tlie success with 
which he contrives to satisfy all the requirements at the same time. 
Other points will, however, claim the attention of the careful archi- 
tect, besides the more obvious ones of situation and exposure, and the 

final staking out of the building should never be at- 
Oharaoter of tempted until they have been thoroughly considered. 

Foremost among these is the character of the ground, 
— whether wet or dry, springy or well-drained. The only certain 
test of this consists in sinking pits at different places, to the depth 
proposed for the future cellar, or a little below, if the trials are made 
in the dry season ; but indications may be found in the conformation 
of the surface. Depressions, or level spots hemmed in by ledges of 
rock or elevations, even slight ones, generally retain water near the 
surface. The ridges which enclose the basin may be at some dis- 
tance, but the effect will be the same. The upper part of hill slopes, 
tlso, contrary to the common notion, is very apt to be wet and springy, 
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while rockf regions seldom furnish dry cellars unless unusual precau- 
tions are taken. 

Such precautions should, however, be taken wherever there is occa- 
rion for them, since a house with a wet cellar is, to speak briefly, un- 
fit for habitation. The main principle to be borne in 
mind in ordinary soils is that the ground-water stands 
nearly at a level (Fig. 82), varying, like the tides, with the season; 
and that the smaller elevations in gravelly soil form islands in the 
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subterranean lake, upon which a house may be built with perfect 
safety, while another, a few rods distant, would have its basement 
perpetually steeped in moisture. The existence of ground-water a 
foot or two below the cellar bottom is of comparatively little conse- 
quence, provided that this is well concreted, and that the water never 
rises any higher. 

More important elevations generally contain a substructure of 
rock, above which the rain collects, and flows down- cellars on 
ward, coming to the surface at intervals in the form of HillSi 
springs. As the soil is always thinner near the top of the hill, such 
springs are more common there, and are the more anno3ring because 
their existence often cannot be detected until the progress of the 
excavation brings them to light. These streams can, however, in or- 
dinary soils be intercepted without much difficulty, and their current 
turned harmlessly toward one side ; but it is otherwise 
with cellars cut in rock. These are almost invariably 
infested with small veins of water, which run along the seams of the 
ledge and collect in the basin formed by the excavation, soaking 
through the house walls, and saturating the concrete floors ; and the ex- 
tra cost of intercepting such veins and of cutting a channel to convey 
the water to a proper outfall is usually very serious, so that locations 
of this kind should be avoided ; or if that is impossible^ the level of 
the cellar bottom should be set so high that little or no excavation 
in the rock will be needed, and the downward course of the wateir will 
not be interrupted. Tliis may always be done, without detriment to 
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the appearance of the building, by means of suitable grading or te^ 
racing. 

Clayey soils are also unfavorable. Being impervious, they retain 
the water which may settle into the new excavation just outside the 
cellar walls until it finds an escape for itself, very 
probably into the building. Moreover, they expand 
greatly in wet seasons, or in frosty weather, to contract again in 
sunmier ; while the tenacity with which frozen clay clings to stone 
or brick work often causes the dislocation or derangement of cellar 
walls and piers. 

Most house-lots in the country or suburban towns offer at least 
some choice of location, and as a few inches difference in the level 
of the cellar bottom, or a few feet difference in the distance of the 
building from a ledge, may be quite sufficient, without special precau- 
tions, to determine the wetness or dryness of the cellar, and therefore 
the healthful ness or unhealthfulness of the house, a judicious 6tud}r 
of the site is of great importance. 

Where the limits or the character of the plot admit of no choice, i^ 
will in very many cases be necessary to incur extra and unforeseen 
expense in draining the excavation thoroughly. Some of the ex- 
pedients to be adopted have been described in the first part, and 
others will be mentioned below ; so that with the help of these hints 
the architect or private owner will be able to deal with any difficul- 
ties which he is likely to meet. 

The house whpse construction we have to follow is situated on the 

side of a rather steep hill, sloping toward the north. The lot on 

Description "v^l^lch the house stands comprises about six acres, and 

of House, the avenue leading to the building passes for some 
distance through a cutting, seven or eight feet deep. Rocks appear 
above the surface in various portions of the lot, and several springs 
ooze through the sides of the cutting made for the driveway, indicat- 
ing that the ledge is not far beneath. The house is to be of mod- 
est dimensions, comprising a parlor, dining-room, hall, kitchen, 
staircase-hall and back staircase on the ground floor, and four cham- 
bers, dressing-room and bath-room on the second story, with four fin- 
ished attics above. The cellar contains a laundry, furnace-room, 
vegetable-cellar, and open place for storage, and a servants' water-* 
closet. The hall is finished in oak, with oak floor; the principal 
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italrcase is of cherry, with mahogany posts and rail ; the parlor is 
finished in maple, with pine floor, bordered with maple and cherry 
parquetry work ; and the dining-room is in ash. The kitchen and 
laundry are finished in hard pine, with floors of the same. 

All the rooms in the second story are in whitewood, except the 
bath-room, which, in order to give a pleasant liveliness of effect, is 
finished with alternate black walnut and maple. 

The attics are in pine throughout. The hall and one large attic 
room arc to be finished so as to show the natural color of the wood ; 
the other rooms will be painted. 

The plans and specifications having been carefully drawn, the 
owner, if unacquainted with building matters, should take pains to 
understand them fully. While still in the architect's ^hB Owner 
hands, he should with his help consider the various and the Plans, 
points in regard to which he has any particular theory or prefer- 
ence, and by measuring for himself in the houses of his friends the 
dimensions of doors, windows, stairs, closets, sinks, baths and other 
details, and comparing them with those shown on his plans, he can 
form a clear notion of what is intended by them, and satisfy him- 
wlf that they indicate just what he wishes his house to be. The speci- 
fications, also, he should study carefully at home with his family, 
and may take advantage of tlie suggestions which they furnish to 
modify certain points, if he wishes, in a way to please the fancy of 
the persons who will occupy the various rooms. Such study as this 
is of much value to the owner, who is thereby often saved from ex- 
pense in altering work already done in the ordinary way in order to 
gain some object desirable to himself, but about which ho had for- 
gotten to inform the architect ; while the architect is always glad to 
furnish all the assistance in his power, knowing that a little time 
spent in promoting the thorough comprehension by all parties of the 
structure indicated in the drawings will enable him to do his work 
with much more satisfaction to himself as well as to his employer. 

In regard to the contracts, the question always arises, whether 
the whole work shall be entrusted to one man, or two or more sep- 
arate contracts made; and it is not always easy to _ 

,«, . i. . , 1. . 1 , ContractofB. 

answer it. The practice of various localities has much 

to do with the matter. In some places it is rare for mechanics to 
make suln^ontracts, and therefore each trade must be dealt with 
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separately, while in others the best contractors prefer to have the 
sole control of their buildings, and endeavor to keep the work en- 
tirely in their hands. 

Where a building must be speedily completed, it is generally 
easier to attain that object by putting the whole contract into the 
hands of one man. Two contractors, responsible only to the owner, 
and jealous or indifferent in regard to each other's interests, always 
charge each other with the responsibility for the delays which usu- 
ally occur under such circumstances, and the owner finds it difficult, 
if not impossible, either to enforce his contract as to time of comple- 
tion, or to collect indemnity fur the delay without doing injustice. 
Where, however, the time is not restricted to the shortest possible 
space, most architects will agree that the best results are obtained 
by making at least four separate agreements ; the cellar-work and 
grading forming the subject of one ; the carpenter-work, including 
painting and glazing, of a second ; the brickwork and plastering of a 
third ; and the plumbing of the fourth. It is often desirable to make 
a fifth agreement for the painting and glazing, but if the carpenter 
is trustworthy, there is generally some advantage in allowing these 
to be included in his contract. 

By the system of separate contracts better work is usually to be 
obtained in each branch, and, considering its quality, at a cheaper 
rate ; although speculative builders have ways of making sub-con- 
tracts at prices which seem incredibly low to those who are not 
familiar with the difference between the good and the " jerry " style 
of work. The best mechanics always prefer to treat directly with 
the owner ; they are in this way sure of their pay, and can there- 
fore afford to work at a lower rate ; while the owner saves the per- 
centage of profit which the principal contractor feels himself entitled 
to charge upon the tenders made to him by his sub-contractors. 
Whatever mode is adopted, too much care cannot be taken to have 
the plans and specifications as full and explicit as possible. If 
these are what they should be, a building so simple as a dwelling- 
house can be, and generally is, where the owner knows his own 
mind in regard to the kind of house he wishes, and takes the 
trouble to see that the plans express it, carried out to completion 
without any "extras" whatever; generally to the great surprise of 
the proprietor, who is sure to be informed by volunteer counsel* 
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lors before he begins operations that his extra bill will inevitably 
be "at least as large as the contract price ; " that he *' ought to re- 
strict the architect to half the sum that he intends to spend," and so 
on. As an example of what is desirable in such documents, forms 
of specifications and contracts are subjoined, such as have been used, 
with the necessary variations, for a considerable number of houses, 
all of which have been finished complete at the contract price, with- 
out a dollar of extra charge, except in case of unexpected difficul- 
ties of ground, or unless the owner has desired to make alterations 
as the work went on, or to add to the contract the execution of some 
parts of the furniture, as mantels, fixed book-shelves, seats, and tho 
like. 

Armed with such instruments as these, we enter upon the execu- 
tion of the work. We have made separate contracts for the cellar- 
work, the carpentry, the brickwork and plastering, and the plumb- 
ing, and have also selected a good furnace, and arranged with the 
makers to put in the requisite pipes and registers in the best manner 
when the proper time comes, under a guaranty that the apparatus 
shall heat a given number of rooms to a temperature of 70^ when tho 
thermometer outside stands at 0°, without taking air from the cellar 
or any other part of the house, and without regard to the direction 
of the wind. 

Occasionally, the heating apparatus is included in the principal 
contract, but this is most unwise. As with plumbing, the work to 
be done is so difficult for any one but an expert to understand or 
criticise, and the difference between good and inferior work is so 
great, in value, even more than in cost, that it should never be made 
the interest of any man to get it done as cheaply as possible. Ex- 
planations of these points will be given further on. Meanwhile, we 
hasten to get the cellar under way. 

Although no rock appears in the immediate vicinity of the site 
selected for the house, it is not improbable that it will be found 
somewhere in the excavation, and the contract with the cellar mason 
provides a certain price which shall be paid for whatever blasting 
°iay be necessary, stipulating at the same time that the rock taken 
out shall be used in the cellar walls, and an allowance made for it. 
^ there is other stone to be had near at hand, the cost of taking out 
wck from the cellar is fairly offset by its value for walling material. 
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The occurrence of ledge in the excavation will usually be accom- 
panied by small springs, but it would be inexpedient to burden the 
contract with an allowance f.or draining them away properly, so, if 
they occur, the operations which they may render necessary will be 
best treated as extra work. 

The contractor and the superintendent stake out the ground to- 
gether, the latter checking the rectangularity of the lines by measur- 

_ . in<; the dia<ronals ; and batter-boards are set up : and a 

Staking outa o o » i' » 

bench-mark, showing the level of the top of the cellar 

wall, is made on one of the batter-boards. The house should always 
be set high enough to give good cellar windows, with a sudiclcnt fall 
to the surface of the ground away from the building on all sides. 
Three feet distance from the highest point of the natural surface in 
the perimeter of the building to the top of the cellar wall is none too 
much. This will give two and a half feet of underpinning all around, 
and insure a light, well-ventilated cellar. 

The excavation is required to be eight inches wider on all sides 
than the outer line of the walls, in order that the latter may be car- 
ried up smooth and strong, outside as well as inside. The whole is 

laid in mortar containing equal parts of lime and 
BuHdrns- cement, and both the outer and inner faces arc to be 

pointed neatly. The trenches are to be dug two feet 
below the proposed cellar bottom, and eighteen inches of dry stone 
chips are first put in, before starting the cement wall. All this is 
expensive, and the cellar will cost in this way at least twice as much 
as if constructed in the usual country fashion ; but it will be more 
than ten times as good, and nothing short of this fulfils the conditions 
which modern ideas regard as essential to a wholesome dwelling. 

The clear height of the cellar should be eight feet in the smallest 
house intended for winter occupancy, and more than tliis in larger 
mansions, in order to give sufficient height above the furnace to al- 
low of a proper ascent in the tin hot-air pipes, without which the 
heat cannot be successfully distributed to the various rooms. This, 
with the two feet additional below the cellar bottom, will make ten 
feet of stone-work, one and one-half feet of which will be laid dry, 
and the remainder in cement. Whether the material of the cellar 
wall shall be brick or stone may depend upon the local custom. 
Hard stone makes the best wall. It is non-absorbent, and as the 
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frozen earth adheres but slightly to its surface, a wall built of it is 
not subject, as brickwork is, to gradual loosening and decay at the 
sorface of the ground. Where brick must be used, they should be 
of the hardest quality. 

The first operation is the stripping of the surface loam from the 
vhole area covered by the building, and about eight feet additional 
on all sides, and the stacking of this in some convenient place for 
use in the subsequent grading. The excavation of the cellar then 
proceeds in conformity with the lines given by the batter-boards. 
As the top of the wall is fixed by the bench-mark at 3 feet above 
the highest point of the ground, and the clear height of the cellar is 
8 feel, the main part of the excavation, exclusive of the trenches for 
the vails, will be nowhere more than 5^ feet below the ground ; tlie 
extra 3 inches being allowed for the thickness of the concrete. 

We have chosen our site well, and are fortunate enough to find 
BO rock in the excavation, and no wet places in the cellar itself, but 
in the trenches, two feet or so below, the water stands in several 
placef. This is an indication of a moisture in the subsoil, which will 
increase after spring rains so as to fill the trenches, Draining 
»nd these will overflow into the cellar unless some the Boll. 
other outlet is provided for the water. The slope of the ground, and 
still more the comparative shallowness of the cellar, make this a sim- 
ple matter : all that 
is necessary is to 
continue the trench 
beyond the line of 
the house, giving it 
ST-J*^^ slight fall to some 
point where the de- 
scending ground will 
allow it to reach the 
surface. The trench 
may be filled nearly to the top with loose stones or broken brick, 
and then covered with straw and loam, or a pipe-tirain may be laid 
through it (Fig. 83). All the water that collects under the walls 
then be immediately drained away, and no matter what may be 
level of the ground-water outside the house, the trench with its 
et forms a barrier which will prevent the moisture from ever 
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making its appearance above the cellar floor (Fig. 84). It la true 
that in some clayey grounds, especiaUy if traversed b}' veins of sand, 
water may rise through the cellar bottom in some places, but such 
soils are rare, and moisture so introduced can easily be carried ofiE 
by small " French drains " of broken stone, or lines of agricultural 
tiles, leading from the wet spot to the main drain under the walls, 
or, still better, extending from wall to wall across the place to be 
drained. 

Where the ground is very soft or sandy, the outlet drain should 
be laid at a gentle pitch, in order that the current toward it may not 
be swift enough to scour out the soil beneath the foundations and 
cause settlement. Some architects, for fear of this, prefer to make 

stone or tile drains entirely outside 
. ^ the walls (Fig. 85, or Fig. 86), but 
this is somewhat more expensive, 
as the excavation must be made 
■jiZL. proportionally larger, while the 
former method is more effectual 
in keeping the cellar walls and 
floor dry, and if carefully carried 
out should be no more liable to 
cause settlements than the other. 
If small stones are used under the walls, they should be compacted 
with a rammer, and thus form an incompressible mass. 

The building of the masonry upon this foundation is a simple mat- 
ter, but must be sharply watched, for in no detail of construction is 
the common practice so vicious as in the laying of cellar walls. In 




Fig. 84. 
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Fig. 85. 

stone districts, the majority of houses stand upon basements built 
with blocks of the most irregular shapes, laid ** dry," that is, with- 
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out mortar, and depending partly for support upon the earth out- 
side of them. The smoothest face of the stones is inside, while 
the outside presents a ragged, bristling mass of projections ; and to 
improve the visible face, the crevices between the stones are 
*^ chinked " with small chips, and the joints are "pointed " by rub- 
oing mortar over them with the point of a trowel. A coat of white- 
wash completes a work which, while it is new, presents on the inside 
precisely the same aspect as the best sort of wall. But a brief period 
only is needed to make its defects manifest. Streams of water, after 
heavy rains, pour through the loose structure, followed by rats, 
which burrow down next the outside of the walls until they find a 
wide joint from which they can easily push out the pointing mortar 
and obtain access to the interior ; and little by little the earth washes 
into the crevices between the bank and the stone-work, until the latter 
yields to the pressure, presenting the characteristic inward convexity 
of country cellar-walls. 

Every feature of these constructions must be avoided. In place 
of a dry wall, furnished only with a miserable pointing of mortar 
on the inside, the whole thickness must be solidly filled with cem- 
ent ; in place of a rough outside surface, the exterior must be the 
smoothest face, that water may not collect upon projections and be 
conducted into the wall ; instead of leaning against the bank, the 
masonry must stand at least eight inches away from it, and the inter- 
' vening space must be filled with porous gravel or sand, in order that 

I the subterranean water-courses may be intercepted and conducted 

' away harmlessly into the drain beneath ; while all the details of bond- 

I ing and proper jointing of the masonry should be as carefully at- 

tended to as in the case of a wall above ground. Further details on 
I these points have been given in Chapter I., and need not be repeated 

here. 

Without assiduous watching, most country masons lapse con- 
tinually into the wretched workmanship which has become habitual 
I to them : long stones, which they will not take the trouble to break, 

' are set in the wall with a fair inner face, but with long " tails " pro- 

jecting from the exterior into the bank, whereas the reverse would 
be the preferable way ; and short stones are similarly set, leaving a 
cavity on the outside to gather water and conduct it into the wall. 
As the earth is usually filled in behind the stone-work as fast as it is 
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laid, such faults are not generally detected until heavj rains reveal 
them, too late to apply a remedy ; but something may be ascertained 
by using the steel rod spoken of in Chapter L, while the mortar and 
the filling outside are yet soft. 

It is essential that the material next the wall should be perma- 
nently porous. If sand or gravel cannot be had, un- 

Oravei outside gifted coal-ashes form a good substitute, and broken 
of Walla ° 

bricks, stone or slate chips may be used. 

The underpinning, or portion of the wall above ground, is very 
commonly made different from the rest, in order to obtain a smoother 
face. Long slabs of split granite or freestone are 
often used, and for cheaper work an eight-inch brick 
wall is sometimes built on top of the stone-work, from the grade line 
upward. Of these, the granite underpinning is much the best; 
sandstone and brick absorb moisture from the ground, as well as 
from snow lying against them in winter, and communicate it to the 
interior, besides being themselves subject to exfoliation and decay 
at the ground line. 

Independent of appearance, the best construction is to carry the 
cellar wall of the full thickness to the very top, trusting to careful 
" drawing " of the joints for giving the exposec' portions a satisfac- 
tory finish. Care should be taken that the wall is not thinned at the 
top (Fig. 87), as is very commonly done in country work, to give 
opportunity for the vicious form of floor framing by 
which the joists are set flush with the upper surface 
of the sill, their lower portion hanging down inside. 
Whatever the tliickness, — twelve inches for brick, 
sixteen, eighteen, or twenty for stone, according to the 
character of the material, — it should continue to the 
under side of the sill, leaving only the necessary places 
for inserting the girders, and levelling off the top care- 
fully. Frames of basement windows should, if possi- 
ble, be built into the wall. The method of spiking 
F«g. 87. them to the under side of the sill, leaving large, irreg- 
ular holes in the stone-work for their reception, is objectionable, as 
the subsequent filling up is apt to be less solid than the surrounding 
masonry. 

While the wall is in process of construction, the framing of the tim- 
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befi that is, the catting into lengths, fitting and mortising, will have 

been going on. Usually this is done upon the ground, from material 

selected in some neighboring yard, as near the re- . 

. , ,. * ,^ , . . Framing. 

quired dimensions as may be ; but it is not uncommon 

for contractors to procure an " ordered frame,'' by sending framing 
plans and elevations, with a proper specification, to some saw-mill in 
the timber region, where the pieces are cut from the logs of the 
exact sizes required. One or two establishments do more than this, 
and ship the frame ready mortised and fitted for putting together, 
including when desired the boarding, shingles, clapboards, doors, 
vindows, and other simple wood-work. There is an economy in the 
Qse of such frames, as waste is avoided, and more perfect timber is 
obtained, but the yard timber is usually better seasoned, and some 
contractors think that the time spent in overhauling after delivery 
the innumerable pieces of an ordered frame, except of the simplest 
kind, in order to select the sticks that are needed, quite offsets the 
waste and extra expense of framing from yard timber in the usual 
way. 

The inspection of the rough lumber is not difficult. White pine, 
spmce, and hemlock are the woods most commonly used. In the far 
West, Cottonwood is sometimes employed, and redwood is the ordi- 
nary framing timber of the Pacific coast. Of these, 
redwood is much the best, being strong, straight- '"^Timber. ^' 
grained, obtainable in any dimensions, and less sub- 
ject to shrinkage or movement than any other. White pine is next 
in value, for similar reasons. Cottonwood is soft, and shrinks very 
much. Spruce resembles pine, but shrinks more, and is apt to warp 
and twist with great force during the drying process, and to " check," 
or crack open near the middle of the stick. The dimensions run 
rather small, compared with white pine or the enormous sizes of red- 
wood lumber, but pieces up to 12" x 12", and 25 or SO feet long are 
always to be had, and wooden dwelling-houses rarely require any- 
thing more. Hemlock is a harder wood than either spruce or pine, 
and can be had in large sizes, but its strength is injured by the want 
of adhesion between its annual rings, which disposes the timber to 
'mxk very badly in drying. The hemlock trees are very tall, and 
heir swaying in the forest often '* shakes " or separates the rings of 
the heart-wood, so that when sawn into scantlings or boards the in- 
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terior is little better than a mass of splinters. Hard pine, or, as it 
is sometimes called, Georgia pine, is much used in city buildings, 
where its great stiffness is of advantage in enabling floors of wide 
span to be covered without employing timbers of inconvenient aze, 
but it is rarely necessary in country houses to incur the additional 
expense of using it for this purpose, although it is employed in other 
ways. It is a very good timber, though shrinking considerably in 
drying. The principal point in examining the lumber will be to as- 
certain whether the sizes are according to the specifications, for 
which a few measurements will suffice. It should be borne in mind 
that only green lumber will show the full dimensions ; and seasoning 
reduces them somewhat. A white^^pine plank originally cut 12 inches 
wide will when dry measure about 11| inches; spruce, hemlock, 
and hard pine somewhat less ; cotton wood will shrink a whole inch in 
the same width, while redwood scarcely shows any change ; so that 
suitable allowances should be made for every case. Crooked and 
^'waney " pieces (see Figs. 46, 47, page 65) should be condemned, as 
well as those affected witli serious shakes. Longitudinal cracks in 
the middle of a thick piece of spruce need not condemn it : they are 
almost inevitable if the timber is dry, and do not detract much from 
its strength ; but if they occur in a thin piece, as a floor joist, and 
extend entirely through it, they constitute serious defects. Sticks of 
which portions, especially at the ends, appear livid and friable should 
be totally condemned. They are infected with dry-rot, and will com- 
municate the infection to others. Amputation of the diseased part 
is not sufficient, for the threads of the fungus may extend a long dis- 
tance into the sound part of the woo<l. 

The first timber set in place is tlie sill, and this should have a 
thick bed of soft cement mortar prepared for it by the mason, and 
bo hammered firmly down into it. This closes up the crevice be- 
tween the top of the stone-work and the timber, through 
^n**lIlortar.' ''^^^'^h, in badly built houses, much cold air finds its 
way into the hollow floors. For additional protection, 
after the adjustment which is generally necessary to get the sill 
into position is over, it is best to point up with similar mortar 
along its outer edge (Fig. 88). The inside might be similarly 
treated, but this would interfere with the still more effectual pro 
oess of lining with bricks and mortar, as described below. It is now 
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Dstial to make the sill of pine or spruce, like the other portions of 
the frame. Our forefathers, who had no 
furnaces, set their dwellingi very low, 
J X\. and banked tliem up with earth in win- 

r^ ^ ter so as to cover the lower portions of 

the wood-work, in order to keep the cold 
air from the cellar and the floors ; and 
they found chestnut or cedar to be the 
only material which would resist dry-rot 
under such circumstances. We, how- 
ever, prefer high, light cellars, with 
cement walls, kept dry by furnaces, and little dampness reaches 
the sills, but there is, as in all cases where wood comes in contact 
with masonry, a possibility of its being affected by moisture in 
the pores of the stone and mortar, so that it is best to provide a 
repellent coating by painting the sill on the under side. The other 
sides should be left untouched, so as not to impede the drying action 
of the air. The ends of girders also, where they enter the wall, 
may be similarly painted. 

In most cases, the sill is the subject of more notching, mortising, 
and cutting than any other timber in the building, and must be of 
sufficient dimensions to allow for this. Six by six inches is a common 
size, or six by eight, where the basement openings are large, or there 
is danger of decay affecting the under side. The angles are halved 
together (Fig. 89), and pinned or strongly spiked. Many builders 
secure the sill to the foundation-walls by means of vertical bolts, 
about two feet long, built for the greater part of their length into 
the walls, at intervals of eight or ten feet. Corresponding holes are 
bored in the stUt and this is slipped over 
the bolts, and se- 
cured by nuts and 
washers. With 
light structures in 
exposed situations 
'*' * this forms a valu- 

able safeguard against storms. 

Into the sill the floor beams are framed in various ways. A very 
common and bad mode is to notch it some three inches deep, cutting 
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a corresponding tenon on the upper corner of the beam, so that the 
upper surface of this, when in place, is flush with the top of the silli 
the lower part projecting below. This ne- 
cessitates the thinning off of the upper part 
of the wall, which would otherwise come 
in the way of the beams, while the tenon, 
from which hangs the whole weight of the 
beam and its load, often splits off (Fig. 90)* 
The beams should, instead of this, be cut 
80 as to bring their lower edges flush with 
the bottom of the sill (Fig. 91), with a 
notch, perhaps two inches deep, to hold 
them in place. Then the tenon will be 
deep enough to hold safely, and the wall 
can be made of the full thickness to the 
Tery top. 

Mortises must also be made for the corner posts, and for those to 
be set at the intersection of interior partitions with the outside walls. 
Usually, each of the " filling-in " studs (Fig. 92) has also its appro- 
priate mortise, even in 
" balloon ** framing, but 
occasionally a cheap 
builder contents himr 
self with simply setting 
the end of the stud 
down on the sill, and se- 
curing it by nails driv- 
en diagonally through 
the foot. Of course, 
the position of all the 
mortises is taken from 
the framing plans and 
elevations; which can- 
not be too carefully 
made, or the execution 
of them too closely 
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watched, as a window, a chimney-opening, or a stairway, once framed 
in the wrong place, cannot be altered subsequently without injury to 
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the solidity of the building. Workmen are very careless about such 
matters ; we have known a foreman to use a framing plan traced on 
transparent cloth wrong side up, and regardless of the careful lettering 
and figures on the right side, to cut the mortises for the whole side of 
a house by scaling with a foot-rule the dimensions as seen inverted 
through the waxed linen ; and it is rare, even with the most carefully 
drawn plans before them, for framers to complete the mortising of a 
sill without gross mistakes. The young architect or superintendent 
should therefore, as soon as the sills are set in place, verify every 
measurement. The figures on the plans for a wooden building should 
always give the distances of the centres of openings from the corners 
of the building and from each other ; then the middle point between 
the mortises made in the sill for the studs which form the jambs of 
the opening can be readily found, and compared directly with the 
figure. If the plans are figured, as is sometimes done, in the way 
appropriate to stone or brick buildings, by giving the distances to 
the jambs of the openings, the verification is much more difiicult, 
since the rough studs are always set two inches or more wider on 
each side than the finished opening is intended to be, to allow for the 
weights and lines in the case of windows, and in doors to admit of a 
little play in setting the frames. 

After all the mortises for the studs have been examined, and such 
corrections as are found necessary made on the spot under the 
saperintendent's eye, those intended for the floor timbers should 
undergo an equally rigid inspection. The openings for staircases 
and chimneys will almost always be found misplaced, or made either 
too large or too small. The latter is much the worse fault : it is 
possible to fill up an excess of space, but too small an opening, 
which can only bo made available by cutting away and weakening 
tlie trimmer-beams, or by constricting the fines, is a serious misfor- 
tun« When these tests have been thoroughly applied, the beams 
may be miI in place. In most cases the fioor rests partly on girders, 
which are «Arger sticks, generally from 6" x lO" to 8" x 12" for the 
light strains of country houses, running through the cellar under the 
'* fore-and-aft'' partitions, or those which carry the floors above, and 
supported by brick piers in the cellar. 

Occasionally, brick walls, eight inches thick, and pierced with 
arches for communication, take the place of the girdersi Itet without 
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Buy material advantage, unless they are carried up to the under dde 
of the floor boards, in which case they serve to keep the floor warm 
and diminish the danger from fire, by intercepting the spaces be- 
tween the beams. 

If girders are used, special attention should be given to contriving 
the framing of the beams into girders and sills so that the shrinkage 
shall be the same at each end. This point is almost always neglected, 
to the detriment of the work, which begins, a year or two after the 
completion of the building, to undergo settlements and deformations, 
which instead of being inevitable, as is usually supposed, might 
easily have been avoided by a little care at the commencement 1^ 
for example (Fig. 93), 
a ten-inch beam is p^ 
framed at one end by 
a three-inch tenon into 
a six-inch sill, all flush 
on top, and at the other 
end is "sized" down 
one inch, without mor- 
tising, upon a 6 X 10 
girder, the total height 
of shrinkable timber be- 
tween the floor boards 
and the unyielding ma^ 
Bonry will be, at the sill 
end, 6 inches, and at the 

other end 10 + 9 = 19 inches. N'ow a six-inch timber will shrink per- 
haps ^ of an inch in drying, while at the same rate, 19 inches will 
shrink some } of an inch, and after a year's seasoning the inner ends 
of the beams will thus be half an inch lower than the outer, and 
the floor to the same extent out of level, cracking the plastering of 
the walls above, distorting the door-frames, so that the doors no 
longer fit their places, and causing ugly dislocations in base-boards 
and wainscotings. 

To avoid these evils, an equal height of timber should be left 
at each end between the flooring boards and the masonry. If 
the proper mode of framing into the sill is adopted (see Fig. 91), 
a ten-inch beam will have a six-inch tenon resting upon the hot- 
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torn of the notch, with four inches of the wood of the sill between 
it and the cellar wall ; in all, ten inches of wood. We need, there- 
fore, ten inches of wood, and no more, between the brick piers 
and the floor boards at the other end. But if the girder is ten 
inches high, this will famish the whole, with none to spare for 
projection of the beam above it, so the latter must be framed 
into the girder flush with its top. This is for various reasons the 
best way of framing into girders. Not only is it advantageous 
to get rid of their projection below the cellar ceiling, but the circu- 
lation between the beams is effectually cut off. If the girder is of 
ample strength, it may be notched, say five inches deep, to receive a 
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Fig. 95. 



five-inch tenon on the beam (Fig. 94), but the best mode, preserving 
most effectually the strength both of girder and beam, is the joint 
with "tenon and tusk" (Fig. 95) by which the cutting is brought 
nearer the neutral axis of the girder, while the tusk tenon allows 
the joint to be bored and pinned from above. 

As it would be difficult to lay heavy timbers on a row of isolated 
piers without overturning them, the girders are generally held in 
place by shores set beneath them until the floor beams are all on, or 
sometimes even longer ; and the piers are then built up beneath them. 
These should never be less than 12" x 12'', of hard brick, laid in cem- 
ent mortar. Piers 8" x 8", as often seen, soon bend, while those of 
soft or " pier " brick are liable to be worn and kicked away at the 
foot The proper spacing for piers depends on the size of the 
girders, and the load upon them, but should not be over 8 feet, for 
fear of deflection, even with strong timbers. 

In the Eastern states, the next step always is to lay an under-floor 
H planed hemlock or spruce boards, over which the men move freely, 
hile it forms a roof to the cellar, which can immedi- 
telj be used for storage of tools and materials. 
Hiether this is done or not, after the floor is made practicable for the 
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passage o£ workmen across it the large posts should be set up at 
the angles, and at the intersection of interior 
partitions with the outside walls. These should 
be 4'' z 8'', at leasts even in a " balloon " frame, 
not so much for strength as to giye good nailings 
for the angles of interior furring^ wainscot and 
base-boards (Fig. 96). 
The subsequent steps depend upon the mode of 
Fi«« 96. construction adopted, — whether a " balloon " or 

a '< braced" frame is specified'; and it is of importance to thejoang 





nt. 07. 

architect to understand thoroughly the nature and adrantages of 
each. 
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Sappoeing a ** braced ** or '' old-fashioned " frame to be called for^ 
the next step after setting the corner posts firmly into their mortises 
will be to secure them in their upright position hy 
means of the braces (Fig. 97), which hare been pre-*'*^^ Frame. 
Tiooslj fitted to mortises cut in the sill and post, and on being 
inaerted and a hard-wood pin or trenail driven through the hole, hold 
the post fast. The shape of the tenons is shown in Figure 98. 



IsA^ 




FIff. 99 

While setting and bracing the corner posts, which always extend the 
whole height from the sill to the plate supporting the roof, the girts 
(6 and D G, Fig. 97), or horizontal timbers which tie the frame at 
each floor-Ieyel, must be put in place. In a simple rect- 
ai^ular frame, like the one shown on the drawing, two ^If** 
of these will run parallel to the floor beams, and are for convenience 
generally set at the same level with them. The other two, marked D G 
in the figure, cross the ends of the beams, and are utilized to support 
them. If it were possible to continue the girts all around at the same 
level, the beams might with advantage be framed with tenon and tusk 
into those which run transversely to them, in the same manner as into 
the girders in the first floor, but as the tenons by which the girts are 
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framed into the posts would, if these were set at the same level, inter* 
sect and cut each other off, it is necessary to place one pair entire!/ 
below the others. The latter are called the " dropped girts," andAi*e 
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generally arranged so that the floor-beams may be notched or <' sized " 
one or two inches down upon them. (Fig. 99.) 

The proper joint for posts and girts is shown in Figure 100. 
After setting these and pinning them securely, 
a second set of braces should be put in to tie 
the angle between them and the posts, as shown 

in Figure 97, using the same form of mortises 

and tenons as before. A third set is then 

placed in the angles between the posts and 

the upper side of the girts. All these pieces 

are accurately cut and fitted before any of the 

work is set up, so that when inserted in their 

mortises, and the pins driven home, the posts 

are drawn into their proper position, exactly at ^«' '00 

right angles with the girts, notwithstanding the bending or twisting 

which the heat of the sun often causes in them when first set up; 
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and are thus prepared to receive the plate, which will not fit unless 
the posts are accurately parallel. The angles of the plates are 
halved together and mortised entirely through, so as to receive 
a long tenon left on top of the posts ; and to facilitate 
thisy as well as to give a certain lateral stiffness to re- 
sist the thrust of the rafters, it is common to make the plate 4" x 6" 
or 4"x8", and lay it flatways. If the roof is to have gables, a some- 
what simple construction is used, the plate which receives the rafter 
first being framed on top of the posts, while the gable is supported 

by a sort of dropped girt« 
tenoned into the posts 
below the plate proper. 
I The angles of posts and 
plate may finally be 
braced, making a strong 
and rigid skeleton, as 
shown in Figure 97, upon 
which the rafters can be 
set at leisure, and the 
framework of the side 
completed with "filling- 
in" studs, set at a suitable 
distance for nailing the 
laths inside, and the clap- 
!lx boards or other covering 
outside. (Fig. 101.) 





Fig. 101. 



The principle of the balloon frame is totally different, and although 
it may be, as is claimed for it, more philosophical, it 
is far inferior to the braced frame in many important premea! 
respects. 

If balloon framing were specified for our building, the next step 
after sotting the corner posts would be to secure them temporarily in 
place by means of '< stay-laths," or pieces of board nailed diagonally 
to post and sill. The ** fiUing-in " studs would then be set all around 
the building, each stud in this system extending the whole height 
from sill to plate. The best carpenters mortise the feet of the 
studs into the sill, but this is frequently omitted, nails being simply 
driven diagonally through. No attempt is made to cut the pieces to 



130 



DUILDINa SUPERINTENDENCE 



n 



the right length, and their upper ends present for a time an appear- 
ance like rig. 102. To straighten them boards are temporarily 
nailed on outdid^, and more ** stay-laths " brace the studs Inward to 
the floor. As soon as the building is so far advanced as to admit of 
climbing safely to the top of tlie studs, a line is marked with a 
chalked string at the proper height for the underside of the plate^ 

and the studs are cut 

off at that level. If 

any prove too short, 

an additional piece 

is set on top, and 

"fished" by nailing 

a bit of board on each 

side. (Fig. 103.) 

When all are brought 

to the line, a 2" x 4" 

or 2" X 6" timber of ^8- 103. 

random length is laid on top, 

and spikes driven through it 

into the top of each stud. 

Other similar sticks are laid 

^«' '**2. Jq the same manner until the 

circuit of the building is completed, when a second row is laid on 

top of the first, breaking joint with them, and overlapping at the 

angles. (Fig. 104.) 

This operation brings the studs to a vertical and parallel position, 
but provision is needed for supporting the floor-beams. As be- 
fore, no notching or mortising is done 
before setting up the frame, but when 
all the studs are in place, the chalked 
sti Ing is again brought into requisition to 
mark upon them two lines, 4 inches apart, F'f . 104. 

at such a height that the upper one will be an inch above the pro- 
posed level of the underside of the floor beams. Each stud is then 
notched one inch deep between the lines, and a " ledger-board '* or 
" false girt," consisting of a strip of board an inch thick and 4 inches 
wide, is inserted and nailed in place. (Fig. 105). 

This gives a support which is strong enough for the work required 



r^ 



^ 



BUILDINa SUP£B£NT£KD£NCE. 



131 



of It, but excessively slender in appearance, and liable, if fire should 
get into the spaces between tbe studs, to be quickly burned off, per- 
haps letting the floors fall. 

The bracing of the angles, which forms an 
important part of the old-fashioned framing, 
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Fig. 105. 



Fig. 106. 



is entirely omitted by most carpenters in setting balloon frames, so 
diat nothing but the resistance of a few nails prevents the building, 
as the outside boarding shrinks, from leaning gradually in one direc- 
tion or another, according to the prevailing winds. (Fig. 106). 

This may, however, be pre- 




vented by 



Long Bracing. 



what is call- 
ed long bracing (Fig. 107), 
consisting of stout strips 
set flatways their whole 
depth into notches cut in 
the studs to receive them. 
The notches are made either 
on the outside or inside of 
the studs, but better bracing 
can be had by placing them 
outside. A spike is driven 
through the braces into each 
stud, and the angles are thus 
very strongly tied, but at the 
expense of strength in tbe vertical studding. 
By these very different modes the balloon and the braced fram* 
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ing accomplish the same result, the construction of a timber skeleton 
bounded by sill, plate and corner posts, and included, with all brac- 
ings, tenons and fastenings, between two planes, 4 or 5 inches apart, 
as the case may be, so that laths can be nailed uniformly all over the 
inner surface, and boards over the outside. All the subsequent 
steps, until the completion of the building, are the same for either 
mode of construction. The design of the edifice is, however, some- 
what dependent upon the mode employed. In both cases, heavy 
studs are used to form the sides of window and door openings, in 
order to give rigid support to the casings, and as in balloon framing 
all the studs, large and small, extend the whole height of the build- 
ing, it is quite desirable to place the windows in the different stories 
vertically over each other, so that one pair of '' window studs " may 
serve for two openings ; and any variation from this direct super- 
position involves expense or weakening of the portion of the 
structure involved. With a braced frame, the main posts only ex- 
tend to the plate, all the filling-in studs, large and small, terminating 
at the girts ; so that the studding of one story is completely indepen- 
dent of that above or below ; an important consideration where any 
picturesque irregularity of fenestration is to be attempted. 

As soon as the studding of the walls is in place, the outside board- 
ing is begun. Hemlock or inferior spruce is used for this purpose, 
and no great care is taken to lay the joints close, but 

Boarding. ^^ boards must be mill-planed on one side to reduce 
them to an even thickness, or the subsequent shingling or clapboards 
will not lie evenly. While this is going on, the beams of the second 
floor are to be set. As it rarely happens that the beams extend in 
one span from the girts in one wall to those opposite, an intermedi- 
ate support musb be provided for them, consisting generally of the 
head of some interior partition, on which their inner ends are notched 
or '* sized " down, just as their outer ends are upon the dropped 
girts. As the 8" x 8" or 8" x 4" piece which forms the partition-head 
is capable of withstanding a considerable cross-strain, it is unneces- 
sary to set all tlie studs under it at first, and isolated ones are usually 
put in, some 8 or 4 feet apart, in order to allow free passing between 
them. The second-floor beams can then be immediately laid in 
place, and another partition in the story above, set in the same way, 
Mrves for supporting the third floor. 
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The notching or <' sizing " of all beams upon their horizontal sup- 
ports is made necessary by their inequality in size. Ordinary tim- 
bers often vary one-fourth to - ... .| ......... . ..| |. . .-. . ..|. . 

one-half an inch from their ^ — | .| | | | | | | 

specified dimensions, but by ^ T 

notching them to a uniform Fig. I08. 

distance fnm. the top they will, when laid in place, have their upper 
sides level ready to receive ihe floor. (Fig. 108.) The undersides 
will be uneven, but the subsequent cross-furring will conceal this. 

It is very common, but not jucUcious, to set the studs of all interior 
partitions either on the under-floor or on a horizontal piece resting 
upon the beams. If the inner ends of a tier of floor- 
beams are supported, as is usually the case, by a parti- **2giilfi»rui^* 
tion extending from the basement, these ends will be equal Settle- 
subject to a settlement equivalent to the sum of the '***" 
shrinkage of all the horizontal pieces interposed between the under- 
side of the beams in question and the immovable supports at the 
bottom of the partition; in this instance, the brick piers in the 
basement. If the partition studs stand on the beams, with a 2" x 4" 
*'Bole" interposed, a partition extending from the cellar piers 
to the floor of the third story will be interrupted by the base- 
ment girder, first-story beams, sole of partition, cap of the same, sec- 
ond-story beams, and another sole and cap, in all, from 30 to 40 
inches of horizontal timber, the shrinkage of which in such a position 
would be from one to two inches. The outer ends of the same third- 
story beams will rest upon the framing of the outside wall, which 
would with a balloon frame, in which the studs are continuous, pre- 
sent only a six-inch sill and one four-inch ledger-board of shrinkable 
timber between them and the immovable basement wall. The 
shrinkage of this 10 inches of horizontal wood would amount to less 
than half an inch, so that when the wood-work became fully dried, 
which in our furnace-heated houses is in a year or two, the inner 
ends of the third-story beams would be an inch to an inch and a half 
below their outer ends. Such a difference in level is quite suflicient 
to cause cracking of the plastered walls in the second and third 
stories, and to distort the openings in the cross partitions (Fig. 109)^ 
so as to make the doors fit badly, and ** bind," or require to be trim- 
med, or the hinges " set up ** to adapt them to the altered shape. 
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These phenomena, which every one has oheerved in citj as weU as 
country houses, depend solely upon the unequal shrinkage and conae- 
quent settlement of the two vertical structures by which the opposite 
ends of the beams are supported, and can be avoided by any device 
which shall make the settlement the same at both ends. In wooden 

houses this may be ap- 
proximately a c c o m - 
plished by setting the 
studs, — not on the floor 
or on the beams, but 
between the latter and 
on the same support, so 
that the beams cease to 
form a part of the ver- 
tical frame. The studs 
of the first-fitory parti- 
tions will then stand on 
the girders, extending 
thence to the underside 
of the second-story 
beams which rest upon their cap. The studs of the second-story par- 
titions again, instead of standing on the floor, or on a sole-piece, will 
extend down between the beams to the cap of the first-story par* 
tition (Fig. 110). By this arrangement there will be, supposing the 
height of the girder to be 10 inches, and that of the partition caps 8 
inches, 16 inches only of shrinkable wood in the partitions between 
the basement piers and the underside of the third-etory 
In Balloon beams, and the difference of level after drying between 
Frames, their inner and their outer ends, supposing these to be 
supported by balloon frame, would be about f of an inch instead of 
three or four times that amount, as in the case previously described. 
It is desirable to avoid even this inequality if possible, and as it is 
evidently impracticable to diminish the amount of horizontal timber, 
and consequent settlement, in the interior partitions, it will be advan- 
tageous to increase that in the outer walls. As the height of the 
sill is fixed, the aggregate shrinkage can only be increased by add* 
ing to the width of the horizontal timbers on which the upper beams 
rest With a balloon frame nothing can be gained in this way, since 
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the ledger-board must be nailed to the studs, and the free portion 
between the nails and the upper edge of the board is alone capable 
of affecting the beams by its shrinkage ; and with such frames an un- 
equal settlement is practically inevitable. The braced 
frame, however, sustains the beams upon a wide girt, in Braced 
resting on the corner posts by its lower edge, so Framee. 
that the whole effect of the shrinkage tends to make the upper edge 
descend, and with it the beams which maj' rest upon it. 

A braced frame, therefore, with a six-inch sill and a ton-ioch 
dropped-girt, upon which the beams of the third story are ** uzed 
down in the same manner as on the 
partition-heads supporting their other 
ends, will give sixteen inches in verti- 
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cal height of shrinkable timber, and supposing the girders and par- 
tition-heads to be as before, the settlement at both ends of the beamf 
will be the same, and the floor will remain perfectly level, the door- 
frames square, and the plaster probably unbroken, for an indefinite 
period. 

The partitions which extend from the first floor through two or 
more stories, even though no beams rest upon them, as in the case of 
those running parallel with the beams, should be set in the same 
way, the studs in the upper story resting on the cap of the partition 
below ; not for the sake of lessening the shrinkage, which would in 
this case do no harm, but to relieve the floor-beams from the weight 
of the partition by making the support continuous from the base- 
ment girder upward ; and partitions enclosing stairs should be simi- 
larly constructed. 

Besides these, there will usually be some partitions, especially in 
the second story, which have no corresponding partition below. 
These must be supported on the beams. The simplest way of set- 
ting them is to lay the sole directly upon the under-flooring, where its 
position can be accurately marked; and the s«le may with advantage 
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be 5^ or 5} inches wide, so as to project beyond the stad on each side 
by an amount equal to the thickness of the plastering. In the subse- 
quent finishing this projection will be of great service for keeping the 
base-boards firmly in their proper position, and for nailing them at the 
lower edge if required (Fig. 111.) Where the partition runs parallel 
with the beams, it is common to provide in the framing plans for a 
timber of extra size, or two timbers spiked together, under it-, to give 
the extra support required. A better way is to set two 
^*^[J,"^*'' beams equidistant from the centre line of the parti- 
tion, seven or eight inches apart from centres, instead 
of dose together (Fig. 112.) The same strength will be obtained. 
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and there will be opportunity for a solid nailing at the ends of the 
fioor-boards that abut against the partition, which cannot be had 
by the other method (Fig. 113.) For the same reason, the framing- 
plans should always show a beam placed close against outer walls 
and partitions extending from below. A fioor where the ends of the 
boards, for want of these precautions, are secured only to the thin 
under-flooring soon acquires an uneven and slovenly look. 

The first studs of Uie partitions are usually set, and the floors 
bridged, before the roof is begun. In the short spans usual in coun- 
try houses, this construction is a matter of little diffi- 
culty. Where support is needed, it is generally ob- 
tained by carrying up the partitions which extend from the firm 
foundation in the basement, and heavy trusses and purlins are rarely 
necessary, the weight being equally distributed over all the rafters, 
which may be tied with " collars " of plank where required. At the 
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same time, the form of such roofs is often very complex, and the 
framing-plans should be carefully and clearly drawn. Every ridge, 
Yalley and hip must be marked in plain letters, and the lengths of 
hip, valley, common and jack rafters should be calculated and writ 
ten on the drawings. Without these precautions, the architect is 
Tery likely, during die framing, to find a hip substituted for a valley. 
or vice versa, and not infrequently, either by accident or design, the 
height of a picturesque roof will be materially lessened without con- 
sulting the designer, who does not discover until too late the reason 
why its appearance in execution is so disappointing. 

The covering-in of the building gives the signal for a multitude of 
minor operations, the principal among which is the construction of 

the chimneys, which should be commenced at the ^^. 

,. . , , . , . , , t Ohlmneya. 

earliest practicable moment, in order to avoid delay 

in finishing the roof. The bricks furnished for this work should be 
ri^dly inspected. As the chimneys in frame houses are usually 
plastered outside as fast as built, in order to lessen 
the danger of sparks passing through the joints of the 
masonry among the furrings, the opportunity for using soft, half- 
burnt bricks without detection is unusually favorable, and the young 
architect should look sharply to see that none of that kind are 
allowed to be delivered on the ground. For the purpose of aiding 
the meaner builders to impose bad materials upon their employers, it 
IB common at the brick-yards to denominate the half-burnt material 
from the outside of the kilns " chimney brick," " pier brick," or 
<« place brick." The name, however, does not change the quality, 
and any work containing bricks whose edges can be crumbled by the 
fingers should be pulled down at once, and rebuilt with better mate- 
rials. Unless this is done, no reliance can be placed upon the ma- 
sonry ; the piers are liable to be broken away and bend, and chimneys 
may crack open at any moment after being enclosed by furring. 

We suppose that the position and size of all the openings made in 
the floors for the passage of the chimneys have been carefully veri- 
fied long before. If not, this should be done without delay. Masons 
rarely think of questioning the accuracy of the carpenter's work, 
and whenever they find an opening framed, they suspend plumb-lines 
from its four corners and commence laying bricks between them; 
and to the endless mistakes made by the inferior workmen who are 
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employed in framing they add others of their own. One fertile 
source of errors is a want of some common understanding in regard 
to the system of figuring plans. Most architects, unless very ezpe> 
rienced, figure all horizontal dimensions in wooden buildings from 
the nearest surface of the studs ; thus, a fire-place in the middle of 
one side of a room 16' long in the clear would generally be figured 
as 8' 1" from the inside of the studs to its centre. Nearly ail 
framers, however, measure to the outside face of outside studding, 
although interior dimensions are taken to the nearest face ; and the 
workman will probably set his trimmer-beams, or lay out his chimney, 
by measuring the figured distance on a ten-foot pole thrust between the 
studs against the outside boarding, the point thus falling four inches 
short of the place intended ; and the mistake, if discovered, is very 
likely to be rectified by shifting the chimney over bodily, and rest- 
ing it upon the trimmer-beam. It is safest in any case to figure the 
openings in fioors two or three inches wider on the framing-plans 
than they are actually intended to be. This gives a little lee-way for 
contingencies, and it is always easy to fill out an excess of room by 
nailing pieces to the timbers, while the cutting away of beams to gain 
necessary space should be avoided. 

All flue-doors, ash-doors, stove-rings and ventilating registers 
should be marked on the plans, 
and inserted as the work goes on. 
If left for subsequent cutting 
they are sure to be forgotten. 
Rings for furnace smoke-pipes 
shoidd never come within sixteen 
inches of the cellar ceiling. All 
flues must be closed at the bot- 
tom, and kept separate to the 
top. Bad workmen oft^ leave them open at the bottom into the 
ash-pit, or, where two flues run side by side, omit the partition, or 
« with," in the lower part. In either case the draught is spoiled. 
The withs should be four inches thick, and at least 

Chimneys, once in every eight courses in ordinary chimneys they 

should be bonded by two bricks roughly mitred with 

the stretchers of the walls. (Fig. 114.) Without this precaution, 

which it is not easy to enforce, the with forms a mere tongue of 
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superposed bricks, standing upright in the rectangular shaft of the 
chimney, and held in place only hy the feeble adhesion of the mor- 
tar, so that it not unfrequently loses its balance and bends over, stop- 
ping up the adjoining flue. Ties of tin or hoop-iron laid in the 
joints are sometimes used to sustain the withs, but the other bond is 
better, particularly in tall chimneys, where a thorough interlocking of 
the withs with the walls adds very greatly to the strength of the shaft. 
Stacks of irregular plan, (Fig. 115), can be better bonded than 
those of the common form, and are much stronger. If carried up 
smooth and nearly straight, without twisting or constriction in any 
part, an 8" x 8" flue is ample for any stove or ordinary hot-air fur- 
nace, and is 

' . ^ Flues. 
suflicient 

for an open fireplace of 
moderate size ; but the dan« 
ger of some obstruction is 
so great that it is prudent 
to provide the latter with 
8" X 12" flues where prac- 
ticable. 

Fireplaces are usually 
roughly formed during the- 
construction of the chim- 
ney, to be subsequently 
lined with soapstone or 
brick, but if the latter ma- 
terial is to be used, it is 
better to finish the whole 
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Fireplaces. 



at once and cover it up with boards to prevent injury 

during the progress of the work. By this method 

there will be no danger of settlements and open joints between the 

rough work and the lining, through which sparks may reach the 

space behind the furrings. Wrought-iron chimney-bars must be used 

v^ supoort the brickwork above each fireplace opening. Two inches 

by half aa ':ich is the usual size, and two bars should 

be used. The whole support should be given by the 

bars, without any assistance from arches, which are liable to spread 

and split the masonry. The depth and form of fireplaces depend on 
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the nse to which they are to be put. Small hard-coal gi-ates are often 
set with only a four-inch recess in the masonry, the front of the grate 
projecting three or four inches beyond the face of the wall, and work 
very well so if the draught is good, but eight inches is better, and 
soft coal or wood need at least twelve inches depth. The '< splay " 




or beTcl to be given to the sides should 
conform to that of the grate, if one is to 
be subsequently inserted, and as they are 
made with various angles, the choice should 
be made before the fireplace is begun. If 
this has not been done, a splay of seven and 
a half in twelve does very well, and will fit 
many grates. (Fig. 116.) In vertical sec- 
tion, the back of the fireplace should be built 
up plumb about six courses, and then in- 
clined forward, making the throat of the 
chimney about two inches wide (Fig. 117), finishing with a levd 
surface, of cut bricks, about six inches above the line of the chim- 
ney bars. By this narrowing of the throat the hot gases are con- 
centrated, and the draught much improved, while the level surface 
at the foot of the fine checks and repels any downward current, in- 
stead of deflecting it forward into the room. In laying out the fire- 





places, it should not be forgotten that they must project from the 
general surface of the chimney at least as far as the line of the plas- 
tering. If the chimney is furred with *2" x 4" studs, set flatways, and 
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one inch clear of the masonry, and then lathed and plastered, the 
plaster surface will be four inches in front of the brickwork (Fig. 
1 18), and if the facings of the fireplace are brought out to this point, 
a mantel which is flat on the back can be used. Most marble man- 




[ 



tels, however, and some wooden ones, are constructed to allow of a 
further projection of four inches beyond the plaster line (Fig. 119), 
80 that a choice should be made as early as possible. The superin- 
tendent must watch the construction of the flues^ assiduously, as the 
only means of making sure that they are smooth and uniform in 
size. Whether they shall be " pargeted," or plastered inside with mor- 
tar, depends upon circumstances as well as on local custom. There 
is some danger that the pargeting may scale off and fall into the 
flue, dragging with it the mortar 
from the joints of the brickwork, 
0O as to open a passage for sparksy 
and for this reason the practice is 
forbidden in some places, but if the 
mortar contains, as is advisable, 
half as much cement as lime, and 
the brickwork is kept wet, pargeting 
may be safely used, and certainly as- 
sists in giving smoothness and con- 
tinuity of surface to the flue. 

In regard to plastering the outside 
of the chimney, there is no difference 
of opinion, and where it is to be sub- 
sequently concealed by furring, the 
saperintendent must insist upon its 
being thoroughly covered from the 
basement floor to the underside of 
the roof boarding. 

The " topping out " of the chimney, above the roof, should be done 
with mortar containing equal parts of lime and cement. Unless thus 
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made waterproot, every rain will saturate the mortar, diBsolving and 

loosening it until the whole stack begins to lean toward the windward 

side, and then speedily decays. For the same reason the four upper 

courses should be laid in clear cement, unless a stone or iron cap is 

used. Nothing else will long withstand the disintegrating action of 

rain, added to that of the acid vapors from the burning fuel. No 

overhanging projection in the shape of a base should be allowed 

where the chimney leaves the roof. (Fig. 120). In the inevitable 

settlement of the whole stack the upper portion will be caught upon 

the rafters, and the remainder sinking away from it, a dangerous 

seam will be opened just above the boarding. 

Even before the chimneys are started, the cross-furring of the 

ceilings will begin. For this planed strips are used 12 inches apart 

_ from centres, two inches wide, and j( or 1 j- inches 

Purring. , . , , , . , , . ^ . • 

thick, the latter for three coat plastering. It u of 

great importance to get these truly level, to prevent inequalities in 
the finished ceiling. Ordinary carpenters try the strips with a straight 
edge as they nail them to the beams, hacking away a little from one 

beam and filling up a de- 
ficiency in another by means 
of a chip, until an approxi* 
mately even surface is obtain- 
ed ; but a much better way is 
to notch all the beams for the 
furring stHps before putting 
them on, gauging from the 
upper side in the same way 
as in sizing upon the partition 
boards or girts. After cross- 
furring, the setting of the pai^ 
titions is finished, those that need it are trussed, so as to throw the 
weight upon firm points of support, and small trusses are put over all 
openings in the partitions. 

The trussing of partitions should be studied beforehand, and indi- 
cated on the framing plans, so that doors can be arranged without 
cutting off the braces. Trusses over openings should be framed like 
Figure 121. The dimensions and position of all the doors and par- 
titions should now be thoroughly verified. No dependence whatever 
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can be placed on the care of workmen in these respects, and the 
proportions of the phtn are very likely to be hopelessly mangled un- 
less a rigid watch is kept. The door openings must be framed about 
5 inches wider and two inches higher than the finished door, to allow 
of proper blocking; and the distance from the angles of the room to 
the openings must be verified to insure symmetry, if that is intended ; 
and sufiicient space should be allowed for the architraves. 

After all is made correct, the partitions may be bridged. This is 
often done by nailing in short horizontal pieces between the studs ; 
a process which has^ its use, but is valueless for the 
present purpose. The proper way is to cut in diago- parti t'ons. 
nal pieces (Fig. 122), which present a considerable 
resistance to the sagging of the partition. The final operation will 
be to try the partitions on each side with a straight edge, and cor- 
rect the crooked studs by sawing half through them on the concave . 
side, forcing them into place, and driving wedges into the incision. 
The chimneys are next enclosed 
with furring, consisting of a cage 
of studs, supported by posts at the 
angles of the breast. These fur- 
rings should be measured to see 
that they are accurately placed in 
the room, that they are of the 
proper dimensions, and that the 
fireplace comes accurately in the 
middle of them ; such details be- 
ing little regarded by the average 
framer. Nothing now remains but 
the fixing of the grounds to prepare 
the inside of the house for lathing and plastering. Meanwhile, how- 
ever, various other mechanics have been busy inside the building, and 
the work of finishing the outside has gone continuously on. Every 
hot-air pipe, gas, drain and water-pipe, bell-tube, speaking-tube and 
electric wire which is not intended to appear outside the plastering 
mast be fixed in place during the short interval which 
elapses between the completion of the studding and 
the commencement of the lathing. If the plans are prepared with 
any care, the position and size of all hot-air pipes will be indicated 
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on them, but so much thought is required in arranging them to the 
best advantage that the superintendent should study the plans for 
hmiself, in season to suggest changes if circumstances render them 
desirable. 

The proper size of the pipes depends upon the form of heating- 
apparatus employed, and this should therefore be selected as earlr 
as possible. Most persons make contracts for furnace pipes and 
registers complete, but if the pipes are put in separately it must be 
remembered that heaters with small radiating surface, like most of 
the wrought-iron furnaces, deliver air at a very high temperature, but 
can deal only with a small current, and therefore work better with 
few and small pipes and registers, while the best casl-iron furnaces 
as well as a few forms in wroughtriron, and all indirect steam and 
hoi-water heating apparatus, possess a large radiating surface, and 
therefore warm a much greater volume of air in a given time, but to 
a lower temperature, so that larger pipes are necessary to convey 
an adequate supply of heat to the rooms. As the only fresh air sup- 
ply in winter is derived from the registers, it follows that better ven- 
tilation is obtained by the introduction of a copious, but moderately 
warm current than from a small admixture of very hot air, but the 
latter is the cheaper mode, in consumption of coal as well as in the 
first cost of the apparatus. 

With heaters of large radiating surface, the pipes to the principal 
first-story rooms should not be less than 1 2 inches in diameter, and 
9 or 10 inch pipes should supply the larger chambers ; but for those 
consisting of a mere cylinder of wrought or cast iron, 9-inch pipes are 
large enough for the ground-fioor, and 6 or 7 inch for upper rooms. 
Inexperienced architects and house-owners often make the mistake 
uf putting in too many pipes and registers. Every unnecessary 
one, by the leakage at the dampers and the chilling of the exposed 
pipe, interferes with the working of all the others, and many houses 
are almost uninhabitable in cold weather, with a register in evei^j 
room, which would be quite comfortable with half the number judi- 
ciously arranged. 

Wherever possible, the hot-air pipes should run through closets or 
inferior rooms, exposed to view, but it is usually necessary to carry 
up some behind the furring of chimney-breasts, or even in partitions. 
This involves danger of fire, which must be guarded against. AVberci 
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die pipt,s pass through the floors, a tin ring, flanged over floor and 
ceiling, is usually inserted, through which the hot-air pipe runs, leav- 
ing half an inch air-space all around ; and through the whole of its 
course, all wood-work exposed to the radiation from it should be 
covered with pieces of brigJU tin. Specifications for furnace-work 
generally require all wood within two inches of the pipe to be so 
protected, but this will rarely be faithfully done in contract work 
unless the supervision is very close. A much better way is to have 
all the pipes which are to be concealed behind wood-work made 
double, a space of half an inch or so being left between the outer 
and inner cylinders, through which air circulates freely. Where the 
pipes are carried up in partitions without such protection, heavy wire 
lath should replace wood over them. 

Of the plumber's work, only a small part will generally need to be 
done before plastering. Although supply-pipes are now generally 
planned to run outside the walls, in positions where 
they can be easily reached, iron waste and ventilation ^'JJ^JJif,''* 
pipes are often best carried up in partitions, and 
these must be set in place in time to avoid subsequent cutting of the 
plaster, so that the plumber should be notified in season. 

Gas-piping must be all completed before the lathing can com- 
mence, and will need vigilant watching. Careless and stupid in 
rescard to the work of others as plumbers are apt to _ 
be, the cheap gas-ntters far surpass them m capacity 
for botching their own work and destroying that of others. If the 
plan shows two or three rooms en suite, with a centre light in the 
ceiling of each, the workman will generally, if the superintendent is 
out of sight, proceed to take up a board through the middle of the 
floor above, and notch the entire tier of beams from one to six 
inches deep in the middle of their span, weakening the floor danger- 
ously and irreparably ; or short cuts will be taken in a similar man- 
ner across girders, braces, or anything else that may happen to be 
in the way. All good specifications stipulate that no beam shall be 
notched at a greater distance than two feet from the bearing, where 
the cutting down does not materially afifect the strength, and that all 
centre-lights shall be supplied by branch pipes at the proper points, 
but irresponsible journeymen, unless watched, pay little regard to 
such documents. 
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Care must also be taken to see that all pipes are laid with a con- 
tinuous fall toward the meter, as otherwise they may be choked by 
liquid condensed from the gas ; and the position of all centre-lights 
and brackets should be verified. No pains will generally be taken 
to have them accurately placed, so long as they come within a few 
inches of their proper position, unless the men are strictly looked 
after, and annoying difficulties are likely to be encountered in conse- 
quence when the ceiling is decorated. The height of the bracket 
outlets from the floor will also generally be varied to save the work- 
man the trouble of cutting his pipe, rather than with a view to their 
appearance or use. The proper height for bracket outlets in cham- 
bers is 4 feet 10 inches from the top of the under floor ; in halls and 
first-story rooms, 5 feet 7 inches is the rule. Mirror lights should 
have outlets 8 feet from the floor. 

Even if the outlets are properly placed, it is usually too much 
trouble for the workman to cut the nipples of the right length, or to 
make their direction normal to the surface from which they project, 
and consequently the fixtures, after the house is completed and paid 
for, will be found to take all sorts of unexpected angles with walls 
and ceilings, which can only be remedied by hanging the chandeliers 
with ball-and-socket joints, or bending the nipples, at the inmiinent 
risk of causing a bad leak. Tlie proper time to make sure of this 
point is while the work is going on. A straight piece of pipe, a foot 
or more in length, and of the proper calibre, should be screwed upon 
each nipple, as soon as set, and carefully levelled and plumbed, and 
tested with a carpenter's square. If any deviation from the true 
position is observed, it should be rectified before the inspection of the 
pipes by the mercury gauge, so tjiat any leaks caused by the correc- 
tion may be detected. All benQs, tecs, and other fittings for gas- 
pipe under two inches in diameter should be specified to be of mal- 
leable iron, which admits of a little bending, and this is often the 
easiest way to bring the pipes back to place. The nipples, or short 
pieces of pipe which project through the plastering and receive the 
fixtures, should all be cut to the right length, so that they may pro- 
ject not more than 1^ or less than f of an inch beyond the finished 
plastering, allowing for the projection of the " bud," or middle portion 
of the plaster centre-piece. It saves trouble — to the gas-fitter, — 
to utilize waste bits of miscellaneous lengths for the purpose, so 
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that it is generally necessary, after the house is done, to dig some of 
the nipples oat of the plaster in which they are buried, and to re- 
place others of inordinate length by pieces of proper size ; at the 
risk in both cases of detaching the centre-pieces or causing leaks 
within the walls or ceilings. 

After the pipes are all in place, their whole extent should be ex- 
amined, to make sure that no split or defective pipe, made tempora- 
rily tight with putty or red lead, forms a portion of the system. This 
once ascertained, the caps are to be screwed on, and the pipes in- 
spected by the mercury gauge, which will always be done on a re- 
quest left at the office of the company which will supply gas to the 
house. To one of the outlets is attached a manometer tube, or in- 
verted siphon, with the short leg closed, filled with mercury. Air is 
then pumped into the pipes until the mercury stands at a given 
height in the tube, and the whole left over night. The next morn- 
ing, if the mercury column remains at the same height, the piping is 
pronounced tight. The superintendent should witness this process, 
and satisfy himself of the result, instead of taking the word of the 
gas-fitter in regard to it. 

Bell-wires should always run in zinc tubes, which are sometimes 
fastened to the outside of the laths, and buried in the plastering, but 
are much better run between the studs. Their position should be 
verified, or, if not marked on the plans, determined 
with reference to the furniture which will occupy the 
rooms. Nothing, in a layman's eyes, does more discredit to an archi- 
tect than to find gas outlets situated behind doors, or bell-pulls so 
placed that a bed or dressing-case must inevitably come in front of 
them. 

Electric Jbells, which are very generally used instead of the or- 
dinary kind, require only wires, which need not run through tubing, 
but are simply fixed to the studs by means of staples. With them 
should be put any other wires which may subsequently be nee<led to 
conduct electrical currents, such as those for burglar alarms, electric 
gas-lighting, or the electric light itself. 

While these operations are going on inside, the outside finish has 
been rapidly advancing, so that the whole building may be so far as 
possible tight against rain by the time the interior is given up to the 
plasterers. The gutters are first put on, and the shingling or slating, 
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beginning at the eaves, is carried to the top. Care should be taken 
that the gutter is so placed as to catch rainwater, but allow snow to 
^^^ slide over it. (Fig. 123.) Young architects often find 

their detail drawings for cornices defective in this par- 
ticular. For additional pro- 
tection against snow-water 
backing up under the shingles, 
or the overflow of the gutter 
dribbling through behind the 
cornice, the gutter should be 
ploughed at top and bottom, 
and *' facias " in s e r t e d as 
shown in the figure. The shin- 
gling or slating 
begins with a 
double course, and the gauge 
is then marked off regularly to 
the top. Ordinary shingles, 
sixteen inches long, should not 
show more than four-and-Srhalf 
inches to the weather, unless 
on very steep roofs. The 

thick Michigan pine shingles, eighteen and twenty inches long, can 
be laid with much more projection without fear of breaking or curl- 
ing. Each must be nailed with two nails, which should be galvanized 
if a very permanent roof is desired. Common nails rust out long 
before good shingles, well painted, become unserviceable. 

It is easy to judge of the quality of shingles. Freedom from knots 
and cross grain, and an approximation to uniform width, are the 
principal requisites. Spruce shingles, which are unfit to use in any 
but inferior buildings, are easily distinguished by their appearance 
and smell, which differ completely from the aromatic odor and silky 
grain of the " white cedar," or arbor-viUe wood, from which those 
in ordinary use are made. Pine shingles are of a special size, and 
those of the Virginia cypress, which have the reputation of being 
everlasting, are somewhat costly, and have but a limited market. 
The choice between sawed and shaved shingles depends upon cir- 
cumstances. The latter allow water to run off more freely, and arc 
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to be preferred if anpainted, while the former hold paint better, and 
are therefore generally used hy architects. 

In laying, the widest shingles are selected for the hips and val- 
leys, where cutting is necessary, in order to give room for two nails. 
(Fig. 124.) Many of the best carpenters lay hips 
like Fig. 125, so that the cut shingle will not 
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come at the extreme edge, and the effect is picturesque, while the 
durability of the roof is improved. 

The painting of a shingle roof is important. Many architects 
specify that each shingle shall be dipped in paint, some even requir- 
ing the paint to be hot ; but this is tedious and expen- 
sive. A simpler and very good way is to paint each shii|!^ie' 
course as it is laid ; and the cheapest is to do it all 
at once after the roofers are out of the way. The last process 
rather hastens the decay of the shingles, by forming little dams of 
paint which hold back the rain-water against the unprotected por^ 
tions, but is usually adopted. 

Where shingles are to be used, the roof boarding is generally of 
hemlock or inferior spruce, planed to an even thickness, and one or 
two " plies " of tarred felt are laid under the shingles, to prevent 
fine snow in heavy storms from finding its way into the rooms. With 
slates still greater precaution is necessary, and the tarred felt should 
not only be double with all joints well broken, but 
matched pine boards should be used underneath. The 
" lap " of the slates will vary according to the size. Ten inches by 
twenty, or eight by sixteen are generally used, and for the best work 
should be laid with '< three-inch lap " ; that is, each slate should lap 
three inches beyond the head of the second slate below, (Fig. 1 26), 
and the length of the exposed portion will be found by deducting the 
lap from the whole length of the slate, and dividing the remainder by 
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two. Two inches lap, is howeyer, common. The sktes should he 
put on with galvanized nails, not driyen too hard, for fear of break- 
ing them, nor too little, lest they should 
rattle and blow off in high winds, and 
the cut slates at the hips should be 
watched to see that they are not hung 
by one nail. Patent slating nails, which 
have a circle of japanned tin around the 
head, are useful. The flashings should 

last be looked after, and the roof will 
Fig. 126. , , , 

then be complete. 

If the young architect is ambitious of being able to say that no roof 
built under his superintendence ever leaked, he will need to exercise 
LABk R««f«-^*^ thoroughness in inspection and skill in providing 
for various contingencies. The worst leaks come from 
improper position of the gutters, by which wet snow sliding from the 
roof is caught and held back. It soon freezes to the roof along the 
lower edge, the upper portion remaining free, and the water subse- 
quently running down the slope is caught as in a long, deep pocket, 
in which it rises rapidly until its level reaches that of the upper edge 
of a course of slates or shingles, over which it pours in a sheet, to find 
its way into the rooms below. Next to this defect insufficient flashing 
in valleys is perhaps the worst. As metal is expensive, the roofer's 
interest is to save as much of it as possible, and the superintendent 
must consider the circumstances of pitch and extent of roof surface 
draining into the valley, and the slope of the valley itself which should 
determine the depth which the water will probably obtain in it. In 
certain cases, where the roofs are large, this may be eighteen inches 
or more in summer showers, and the only security is to make the val- 
ley flashings of corresponding size. 

A very common place for a small leak is around the chimneys, 
where rain or snow often blow through between the bricks and the 
(laps of a ** stepped flashing." The remedy is a liberal application 
of elastic or ^* Boston " cement between the brickwork and the metal. 
The same cement is also needed to prevent water from getting in at 
the angle of a hip in a slated roof, unless the hip is protected by 
flashings (See Part I, page 80.) This should always be the case 
where a permanent construction is intended, since the cement soon 
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Window 
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Fig. 127. 



"burns ouf and crambles by the heat of the sun on the slates. 
Shingles fit much more closely, and will generally make a tight hip 
without cement or metal. 

While the roofers are at work, the window 
frames are being rapidly set in 
place. These, in wooden houses, 
are mere fronts, in plan like 
Fig. 127, A being the "pulley-style," grooved 
for the parting head, while B is the outside 
casing. When this is put in place and nailed 
to the rough4x>anling, the space X, between the pulley-style and the 
stud, forms the pocket for the weights. 

The casing B is often moulded or ornamented. If plain, it should 
be 1^ inches thick, to prevent curling under the heat of the sun. Its 
inner edge, projecting half an inch beyond the face of the pulley-style, 
is usually made to form one side of the channel in which the upper 
sash slides, but it is much better to increase the depth of the reveal 
by inserting a slip C, some five-eighths or three-quarters of an inch 
wide, changing the position of the parting-bead to correspond. 
Independent of the improved appearance of such a frame, room is 
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ihns given for mosquito-nets and blinds. The shingles or clapboards 
are laid close up to the other edge of the casing, but when this 
shrinks a vertical opening is left, through which rain penetrates, 
and tarred felt, or still better, strips of zinc, must be. laid in 
behind the casing and the adjacent work. The junction of the clap- 
boards or shingles with the top of the casing must also be protected. 
Some carpenters do this by tacking a strip of lead to the boards just 
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over tbe casing, and turning it down over tbe edge (Fig. 1 28), but 
it is neater and tigbter to rebate tbe top of tbe casing. (Fig. 129.) 
If tbis is done, and tbe vertical sides of tbe casing are grooved 
into tbe bead (Fig. 130),. tbe sills set to a sbarp pitcb, one-and-a> 
half incbes or so, and grooved undemeatb for inserting tbe sbingles 
or clapboards wbicb come below tbem, the superintendent may be 
''olerably sure that his building will not show that most annoying 
df defects, leakage around tbe edges of tbe openings, and tbe shin- 
gling or clapboarding may be commenced at once. 

Before this, however, the back-plastering, if any is specified, 
should have been completed, in order that its drying may be favored 
by tbe circulation of air through the open joints of the boarding; 
and notice must be given to the plasterers in ample 
*"*''lng?*^*'* season. The mode usually considered best is to nail 
fillets to the sides of the studs, and to lath on these, so 
that in theory a double air-space is formed by tbe outside boarding, 
tbe sheet of back-plastering, and tbe inner plaster ; but in practice 
it is inconvenient to nail fillets in tbe narrow space between the 
ledger boards and tbe outer boarding of a balloon frame, or just 
above tbe dropped-girt of a braced frame, and still more so to nail 
laths to them, so that these spaces are usually neglected, and the 
wind wbicb blows in under tbe clapboards and paper of even the 
best built bouse finds an issue at such points into the interior. The 
real object should be to spread a continuous sheet of mortar from 
sill to plate, and this can be much better accomplished by omitting 
tbe fillets, and nailing two lines of laths vertically between each pair 
of studs, then lathing on these, and plastering with a thick coat of 
mortar, well pressed on, so as to fill in between tbe laths and the 
boarding. By tbis method room is left for the mason to insert bis 
trowel and hand behind tbe ledger-boards or flooring-strips and 
reach every inch of the space between tbe studs, closing it against 
the wind, if care is taken to bring the mortar well up on the studs, 
w4tb almost the imperviousness of a solid brick wall. 

Tbe meaner contractors, not in consequence of scientific deduc- 
tion, but from desire of gain, often caricature tbis mode, by lathing 
vertically directly on tbe boarding, without tbe interposition of the 
first laths, wbicb are essential to give a key to tbe mortar, and pre- 
vent it from cracking off. Some even content themselves, if not 
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obscrve<l, with simply spreading the mortar on the hoards, without 
any lathing whatever. It stays in place jast ahout long enough for 
the contractor to get his pay. 

As soon as the back-plastering is done, it is usual in good houses 
to apply some precautions against the spread of fire and the passage 
of rats and mice from room to room. In the cellar, 
the whole space between the beams, from the sill to 
the inner surface of the wall, should be filled in solid with brick- 
work and mortar (Fig. 131), up to the under side of the floor-boards. 
This not only keeps out the cold wind which would otherwise blow 
freely through the chinks about the sill and the base-mouldings of 
the house, but renders it impossible for rats and mice to climb on top 
of the wall and gnaw their way through the floor above. If the 
cellar ceiling is not plastered, the space above the girders should be 
bricked up, for the same reason ; and in any case a brick partition, 
aC least four inches thick, should be built, in mortar, on top of every 
girder, between the studs of the partition which rest on it, and on 
the heads of all partitions above which cross the beams, to a height 
of two or three inches above the floor. By this means the hollow 
spaces between the ceilings and floors are divided up into compart- 
ments, effectually cutting off the circulation of cold air through the 
floors which is so much to be feared in country houses, while fire is 
prevented from spreading laterally between the beams. It is very 
desirable also to fill in with brickbats and 
mortar between the studs of all partitions, 
at about half the height of the room. This 
" fire-stop " belt may be laid on top of the 
bridging, and will check the upward course 
of fire, forcing it to burn out into the open 
room, where it will be discovered and means 
applied for extinguishing it. The principle 
should never be lost sight of, that the chief 
danger from fire in dwelling-houses comes 
from allowing it to find its way into the 
wooden tubes, lined with bristling splinters, 
nearly as inflammable as tinder, which are 
formed by the interior surfaces of the laths, studs, beams and floor- 
ing-boards. In these the flames creep, undiscovered and inacce»> 
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Bible, through and through a house in which no device is adopted for 
intercepting the communication between such air-spaces, until they 
gain strength enough to burst out fiercely in a dozen places at once, 
and the building, abready permeated in all directions by the fire, is 
quickly destroyed. 

To carry out the system of protection with any thoroughness, the 
spaces between the outside studs must also be divided into sections by 
incombustible material. With braced frames this can very well be 
done by means of brickwork laid upon the girts, but for balloon 
frames it is necessary to nail in short pieces of timber between the 
studs at the level of the ledger boards, to build upon. A good body 
of masonry should then be formed on top of the plate, filling the 
whole space between the rafters to the under side of the roof-boards. 
This is an invaluable defence against cold air as well as fire, both of 
which usually find the cornice a very vulnerable feature. 

One other point remains to be guarded : the hollow space around 
the chimneys, behind the furring of the breasts. The easiest way 
of obtaining a partial protection is to lath and plaster the ceiling from 
the chimney outward as far as the breast will extend, before setting 
the furrings. A single rough coat only need be used, and it can 
be put on at the same time as the back-plastering, so as not to cause 

^. . w cmy delay. If stout wire-lathing is used instead of 

the ordinary kind, and especially if the mortar is 

»* gauged" with a liberal dose of plaster-of-Paris, a very efficient 

protection is obtained for the portion of the building most exposed 

to danger. 

Where the owner is disposed to incur a small extra expense for 
the sake of additional safety, wire-lath will be found generally of 
great service. Only the heaviest kind should be used, as the numer- 
ous furrings necessary to secure the more flexible varieties detract 
very much from its value as a protection against fire. By applying 
it to the surface of chimney-breasts and the under side of the stairs, 
great security is gained for the building, at a trifling expense, and it 
may be employed also in the ceilings and walls about furnaces and 
stoves. Where it is necessary, as it will sometimes be, to carry hot- 
air pipes in partitions, the lathing over them should always be of 
wire, unless the pipes are made double, or a casing of bright tin pat 
bU around them on the wood-work and under the laths before pla»> 
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tering. By first nailing laths vertically on the studs, the wire can 
be broaght to the same plane as the wooden laths on each side, and 
the plastering will form an unbroken surface. Even the cost of 
using wire-lath throughout a dwelling-house is in many ways repaid. 
Its power of holding the mortar so firmly that no amount of force 
will detach it, to which, far more than to its incombustible material, 
it owes its efficiency in resisting fire, is equally valuable in maintain- 
ing a perfect surface for walls and ceilings. Such plastering does 
not crack or sag ; no violence can shake it down, and the most pro- 
longed watcr^soaking fails to detach it from the lathing. 

Whether a larger or smaller number of these precautions shall 
be adopted will depend on circumstances. If wooden laths are to be 
used for the plastering, the superintendent should see 
that they have the requisite number of nailings, and iSthiT 
are not placed too near together. Three^ighths of an 
inch is the proper distance : if nearer together the mortar will not 
be effectually pressed through the intervals, and its hold will be fee- 
ble : if farther apart, it will not, while soft, sustain its own weight. 
It is usual to specify that the joints shall be broken every six courses ^ 
bat it is much better and not much more troublesome 
to break joints at every course : and care should be j^nt?* 
taken that the laths above the door and window heads 
extend at least to the next stud beyond the jamb (Fig*. 132), so as t« 





ng. 132. 



prevent the radiating cracks which are apt to appear at that point 
Where the men meet with a small space, whose longest direction is 
perpendicular to that of the other lathing, they are apt to fill it up 
with laths set at right angles with the rest. (Fig. 138.) This should 
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never be permitted, as cracks are sure to appear afterward where 
the change of direction takes place. 

After the application of the laths, if not before, the f urrings should 
be verified. The soffits of dormer windows, the under side of stairs, 
and all angles of walls and ceilings should be carefully observed to 
see that their surfaces are plane. Chimney -breasts should be tried 
with a carpenter's square, to make sure that their external and in- 
ternal angles are right angles, and the position of the chimney-breasts 
in the room should be finally examined. All laths which show knots, 
portions of bark or stains should be pulled off on the spot and thrown 
away, and their places supplied with fresh ones, as such imperfec- 
tions in the laths are liable to cause discoloration in the plaster over 
them ; and for the same reason all brickwork which is to be plas- 
tered should be cleared from soot, tobacco juice or soluble defile- 
ments. 

At least seven days before the lathing is finished all the mortar 
for the first coat of plastering should have been mixed and stacked ; 
if possible in some place outside the house, since the evaporation 
from so large a mass of wet material, if stored, as is often done, in 
the cellar, causes the timbers to swell through dampness. The lime 
must be of the best quality, free from every trace of underburnt 
*< core." If the lumps, on being covered with water, slake for a time 
with considerable violence, but leave a residue which must be 
crushed by the hoe, the whole should be rejected. Such lime, unless 
it can be stored long enough to insure this conversion of every por- 
tion not absolutely inertj will surely cause the plastering made &om 
it to blister and " chip-crack," sometimes after the lapse of months; 
and with the best lime it is unsafe to put the mortar on the wall un* 
til it has " cooled " for a week or more, to allow all the particles to 
become hydrated. The ancient method, by which the slaked lime 
was stored in pits and not drawn upon for use until after one or two 
years' seasoning, unfortunately has become obsolete. 

Loamy sand is nearly as much to be dreaded in plastering as 

underburnt lime. Some varieties contain particles of compact clay 

or soil which will, after a season's drying, assume a 

powdery condition, expanding as they do so, and 

throwing off the mortar in hundreds of little pits, like the scars of 

small-pox. Moistening the sand and rubbing it on the hands wiU 
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usually give sufficient evidence of the presence of loam or clay by the 
staiu which it leaves on the skin. 

After seeing that the mortar is well pushed through the laths with 
the trowels, so as to bend over on the inside, the straightness of the 
angles, both vertical and horizontal, between walls and ceilings should 
be assiduously criticised. In two-coat work, such as 
is used throughout the Eastern States for dwelling- "*'' 

bouses of moderate cost, there is no opportunity for bringing the 
tnrfaces to a true plane after the first coat is on, since 
the second or " skim coat ** is a mere varnish, less than 
^ of an inch in thickness ; and the plasterer must use his judgment 
in laying on just mortar enough to fill out to the line after it has 
been trowelled down enough to force it well through the laths. This 
can seldom be done with any accuracy over the larger surfaces, but 
by applying the long, thin-edged board which is used to finish against 
the angle beads as a ruler, any reasonably careful^ . ^ ^ 
man can insure the straightness and accuracy of the 
comers, and this should be insisted upon, as the eye immediately 
detects any irregularity in the angle between walls, or between 
the wall and ceiling, while inequalities of the intermediate por- 
tions are unnoticed. With three coats it is easy to obtain surfaces 
absolutely plane, by using the proper means. The Throe 
scratch-coat is to be very strongly trowelled and well Ooat-work. 
scratched up with a sort of comb, made of sharpened laths, nailed 
in a row on a stick. After this is thoroughly dry, '* screeds " should, 
for a first-class job, be run all around flie margin 
of the ceiling, consisting of strips of mortar, care- 
fully put on, and brought to a perfectly plane and horizontal surface 
by means of the spirit level and a long straight edge, applied diag^ 

onally across the corners as well as along each strip. ^ , 

For a small ceiling this will be sufficient, but a large 
one requires intermediate screeds, brought accurately to the plane 
of the first ones. When the screeds have hardened a little, the 
space between them is filled with *' brown " mortar, which is easily 
made perfectly even by means of the straightedge. Similar screeds 
sboold be formed in the vertical angles of the room^ plumbed, and 
the intermediate spaces filled up to a plane surface. If cornices are 
to be ran, which is always done before the last coat of plastering, 
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the angles snould be as rough as possible, to give them sufficient 

«* key." The superintendent should study the profile 

OornloM. ^£ ^.jjg proposed mouldings, and if a large mass of 

mortar will be left in the angle, he should order nails to be driven 

to hold up the coarse mortar which is 



l ^? ■•i^^^^<<^y ''^ ' ' "^ ^ * ■ osed for " dubbing out " the cornice 

130*^ before the finer material is applied. 

(Fig. 184.) Some care is necessary to see that the final coat 
of plastering is not injured by freezing in winter or by too 
rapid drying in summer. From the latter cause the finished 
work near the windows is often found covered with a net- 
work of minute cracks, particularly on the side which the 
wind strikes, while a breeze barely at the freezing point 
wiU cover the surface with radiating crystals, disintegrating it so 
that on thawing again the mortar will scale off in patches. The 
remedy for this is to keep all openings protected by 
'^ temporary windows or screens, consisting of wooden 

frames covered with cotton cloth, well fitted to the openings. 
Whether the plasterer or the carpenter shall provide these screens 
or temporary windows depends on the terms of their respective 
specifications. Perhaps the best way is to require the carpenter to 
supply and fit them, and the plasterer to shift them in such a way 
as to secure his work against freezing or unequal drying. 

As soon as the plastering is completed, the plumber must be 

summoned to finish his work, so as not to delay the joinery. The 

pipes will be first put up, and the superintendent must thoi^ 

oughly understand the purposes and requirements of 

each. Cast-iron pipes should be carefully scrutinized, 

especially where cut or broken. The metal, unless double-thick 

pipes are specified, will be very light, and in the poorer makes it is 

apt from careless casting to be much thinner on one side than the 

other. If any particular kind is called for, or known to be good, the 

shape of the << hub " will serve to distinguish it, if the name of the 

maker is not cast upon the pieces. In some places iron 

pipes are coated with asphaltum at the factory, for the 

use of the best plumbers; the inside as well as the outside being treated. 

Elsewhere, painting with red lead is customary ; and this is generally 

confined to the outside, as the inside would soon lose its coating. The 
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asphaltum forms the best covering, but whatever is used, the exterior 
of the pipes must be completely coated before they are brought to 
the building. The joints should be made with oakum, not paper or 
shavings, driven in tight, and finished with melted lead, which, after 
the pipes are fixed in position, is to be thoroughly calked all around. 
It is often much more convenient to calk the joint before securing 
the pipes in place ; but the jarrilig so occasioned may loosen the lead, 
and where the joint will be accessible after fixing its completion 
should be deferred. It must not be forgotten that the melted lead 
by itself will not make a tight joint, since the shrinkage of the^metal 
in cooling draws it away from the iron, and it must be forced again 
into contact with the calking iron, applied at every point of the cir- 
cumference. A first-class, workman will use three or four pounds of 
lead for each joint, filling the hub completely, and showing the 
marks of the tool all around. Inferior plumbers leave a little space 
above the lead, which they afterwards fill up with putty, smoothing 
it neatly, and, if possible, getting a coat of paint over it before the 
superintendent comes. Such joints will pass the test, but are not 
durable if there has been any carelessness in calking the lead. In- 
tentional swindlers fill tlie joint with shavings, paper, mortar or any- 
thing else which happens to be at hand, and daub the top over with 
putty, or perhaps with a little lead, ladled out of the pot. 

Rust joints, of sal-ammoniac and iron turnings, are sometimes, 
though rarely, used. They are said to be tight and durable, but 
likely, if unskilfully made, to burst the hub by the expansion of the 
mass. All iron pipe should be very strongly supported, by iron 
straps and hooks, never by wires. 

Lead pipes should be examined as delivered. The weight per 
foot, or the letters denoting the same thing, are stamped on the ends 
of the coils : after the lengths are cut off, it is more 
difficult to ascertain whether they comply in weight 
with the requirements of the specification. Most lead manufactu- 
rers furnish cards showing the thickness of metal corresponding to 
a given weight for each calibre, but the saw used to cut it spreads 
out the lead, increasing the apparent thickness. In general, lead 
supply-pipes, unless for a tank or other very light pressure, should 
not be less than ^ of an inch in thickness of metal. Waste and air 
pipes will be little more than half of this. There is some difference 
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ia the quality of lead pipes, but it is not easy to detect it except by 
analysis or the test of use. Honey-combed or corroded pipe, and any 
which shows unequal thickness of metal, should however be at once 
rejected. 

In certain localities the seamless brass tubing, drawn over a man- 
dril in the same way as lead pipe, is much in favor for plumbing 
work, and where the pressure is vci^ heavy or the water is so soft 
. ». as to attack lead, it is well worth the additional 
cost, which is not usually more than ten to fifteen per 
cent on the whole amount of the plumber's contract. They can be 
had either plain, or coated inside and outside with tin, or, for use in 
conspicuous situations, plated with nickel and polished ; and coup- 
lings, unions, bends, tees, and all varieties of cocks and fittings are 
furnished to correspond with each kind of pipe. Where the brass 
tubing is employed throughout a house, it is common to have the 
cold-water supply tinned inside, while the hot-water, which is not 
likely to be used for drinking, is conveyed in the ordinary kind. If 
there is no danger that either brass or lead will be corroded by the 
water, it is not unusual in the best work to make the hot-water pipes 
only of brass, using lead for the others. In this case the harder 
metal possesses the advantage that if properly put up, with the 
angles left free to move a little back and forth to accommodate the 
expansion and contraction of the pipe between them, it is not inju- 
riously affected by repeated alternations of heat and cold, which 
with the inelastic and ductile lead first stretch the pipe by contrac- 
tion, and then, as it does not possess elasticity enough to recover it6 
shape, cause it, on being again extended by the passage of warm 
water through it, to sag down between its supports, this effect in- 
creasing by repetitions of the cause until the undulations of the pipe 
become sufficiently pronounced to retard or stop altogether the flow 
of water through it. Where, however, the brass tubing is tightlv 
confined at the ends of a long line, the joints and fittings often be- 
come strained and leaky by the contraction of the pipe in cold 
weather, since the very rigidity of the metal prevents it from accom- 
modating itself, like ductile lead, to the force exerted upon it ; so 
that it should be used intelligently to obtain the full benefit of its 
good qualities. One last precaution should be observed : at the com* 
pletion of a piece of brass-pipe plumbing all exposed portions of the 
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metal most be yarnished with a good coat of shellac, or it will soon 
become corroded and unsightly. This may be made a portion either 
of the plumber's or the painter's contract, but unless the duty is 
distinctly imposed upott one or the other, it will be neglected. Paint, 
which was once generally applied both to brass and lead pipes, is 
best omitted unless required for appearance. 

As a cheap substitute for brass tubing, where there is reason to 
fear the corrosion of lead pipe from the softness of the water, or its 
bursting from the heavy pressure under which it is delivered, iron is 
often used, galvanized or enamelled in various ways. 
It m«y be obtained with a lining of pure block tin, Wrought-iron 
forming a very strong arid pure channel for water, 
and glass-lined iron pipe is sometimes used ; but the ordinary coat- 
ing is one of coal-tar or paraffine enamel, giving a shining black 
surface. A smooth, red covering is sometimes seen, which is said to 
have a base of vulcanized rubber. Whatever may be the protecting 
medium employed, the unions, bends, and other fittings are treated 
with the same, and if well put together the water nowhere comes in 
contact with the metal. The galvanized or zinc-coated pipes are 
mc^re expensive than those merely enamelled, but more durable, un- 
less in acid waters. 

The same precautions against the straining of the joints which 
are necessary with brass pipes should be observed with those of iron. 
Moreover, iron being a very rapid conductor of heat, cold-water 
supply-pipes of that metal will in warm, sultry weather condense a 
great deal of water upon their surfaces, which trickles down them 
and may in time cause serious injury to paper or other decorations 
beneath. Where there is any risk of this the pipes should be en- 
cased in a tubing of zinc, which will catch the con- .. ^ . 

, , , ^ ^ Zinc Casings, 

densed drops and conduct them to a place of safety. 

This is even done with lead and brass pipes in city work of the best 
character. Where costly decorations or papers are in danger of 
being injured by a possible leak, it is always advisable and is gen- 
erally required of the plumber by the best architects, to enclose all 
supply-pipes in zinc tubes, which will retain the jet from a lead pipe 
burst by freezing or water-hammer, or the drops of condensed water, 
and conduct them to a safe outlet. 

ilie course joints and fastening of all the pipes, whatever their 
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material, should be carefully observed, ^nd the hand of a skilful and 
conscientious plumber will be more quickly recognized in this than 
in any other detail of the work. Such a man can always arrange 
his pipes so that they will fall naturally into their proper places, 
without that dodging over or under each other which characterizes 
the " botch's ** work ; his lines will be perfectly straight, and all hot- 
water pipes separated by a small distance from the cold, to avoid 
loss of heat from one to the other ; the supports will be neatly put 
up, at equal and small intervals, so that no sagging of the pipes will 
be possible between them ; and all will be laid with a continuous fall 
toward some faucet by means of which the water can be thoroughly 
drained from them. 

Boards should be put up by the carpenter, well secured to the 
walls or ceilings, wherever pipes are to run, and similar ones fitted 
in between the beams where it is necessary to conceal them between 
floor and ceiling. To these boards the pipes must be attached at 
intervals of about four feet where they run vertically, two feet where 
they follow the underside of a ceiling, and six or eight feet where 
they simply lie on a horizontal surface. Horizontal pipes should be 
secured by stout brass bands screwed to the boards ; and where sev- 
eral pipes run side by side, a first-rate plumber will separate them 
far enough to allow screws to be put into the band between them. 
Vertical pipes, in order to prevent them from creeping downward by 
alternate expansion and contraction, must be fixed in place by hard- 
metal " tacks " soldered to the pipes and screwed to the boards. 
All joints in lead pipes should be ** wiped joints," excepting only 
those connecting the couplings of basin, sink, or other wastes to the 
pipes, which cannot easily be wiped, and do not require to resist a 
pulling strain, so that a " cup joint " is sufficient. 

Brass and iron pipes are connected by means of unions, or short 
pieces of cast-brass, tapped at each end to receive the screw thread 
cut on the lengths of tubing. In the case of brass, the joint is covered 
with red lead before screwing up. Enamelled or galvanized iron 
fittings may be put together without such luting. 

If the workman shows a disposition to neglect any of these niceties 
of his art, he should be always under suspicion of greater errors, and 
should be watched to see that he does not fasten the pipes in out-of« 
ihe-way corners by means of hooks, or leave them suspended from a 
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ceiling, or between beams, by attachments so far apart that alternate 
expansion and contraction will in time cause them to sag down, form- 
ing a hollow from which the water cannot be drawn off, so that the 
pipe is likely to burst there if the house should be left vacant in 
freezing weather. The opposite fault, of allowing the pipe to take 
an upward bend in any part of its course, is still more to be avoided. 
Such a bend, whether accidental or made by ignorant intention, soon 
becomes filled with the air always carried in bubbles through the 
water, forming an " air trap," which may stop the passage of water 
entirely unless relieved by opening the pipe at the highest point of 
the curve. 

The number and courses of all the pipes should be minutely 
described in the specification. If, however, no details are given, as 
sometimes happens, the superintendent will have a little difficulty in 
deciding upon the arrangement which he can require with justice both 
to the plumber and the owner. Much depends upon the custom of 
the locality, and something also upon the price for which the work is 
to be done. In Massachusetts or New York, for instance, under a mere 
agreement for a " first-class job," with an adequate consideration, the 
plumber would be expected, without special orders, to provide stop- 
cocks in convenient positions for shutting off both hot and cold water 
from any part of the house at pleasure, and draining the pipes ; and 
in Massachusetts he should arrange a tank in the roof, itself supplied 
by a rising main and ball-cock from the regular house service, to 
contain water for the copper bath-boiler below, and carry up an 
'< expansion pipe " from the highest part of the hot-water system to 
this tank, turning over the edge just above the water-line, so as to 
allow steam and froth to escape freely ; and in any large city he 
would be expected to put separate traps under all fixtures, and pro- 
vide air-pipes to the same, and to carry up such air-pipes, as well as 
the soil-pipes, above the roof ; and finally, to fit up separate cisterns 
over each water-closet, for their exclusive supply, and place *' safes " 
of sheet-lead turned up around the edge under all plumbing fixtures 
above the first story, or over furnished rooms in the basement, with 
waste-pipes of their own, emptying over a sink or bath. 

In States which have statutes for the regulation of plumbing work, 
ihe provisions of the constituted authority must be taken, in the 
absence of specifio details, as forming a part of the plumber's contracU 
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In New Tork and elsewhere, however, it is customary to fit ap bath- 
boilers without the tank in the upper story, rising main and expansion 
pipe, and in some small country towns the old-fashioned pan water- 
closet, supplied without the interyention of a service cistern by a 
valve with branch from the main pipe, is still used in the best 
ordinary practice. 

In cases where a first-rate job is clearly not intended, the superin- 
tendent may still do much by attentive study of the subject to secure, 
if not the best possible arrangement, at least a safe and strong one. 
When the time comes for setting in place the sinks, baths, wash-bowls 
and water-closets, this special knowledge will be still more necessar}*, 
for without an adequate and constantly advancing acquaintance with 
the improved apparatus continually placed upon the market, he can 
neither criticise justly that which may appear to him valuable or the 
reverse in the construction or fitting up of new appliances, nor make 
suggestions to meet peculiar needs. 

Such knowledge must, however, be gained from technical books 
and journals ; a general treatise can do little more than indicate a 
few main principles ; as for instance, that waste and supply pipes 
should, for any kind of apparatus, be large, to insure speedy filling 
and discharge, and the construction as simple as possible; that 
putty joints, rubber washers, and inaccessible floats, check-valves or 
other moving parts are to be avoided : and that the ideal of every 
plumbing appliance would be a solid glazed stoneware basin, in one 
piece, supplied by a quick and copious flow of water through a large 
pipe, and discharged through the shortest possible waste-pipe and 
ventilated trap, all connected with calked lead joints, into a thor- 
oughly aerated, porcelain-lined soil-pipe. 

At present this ideal is far from being fully realized in any form 
of apparatus. The nearest approach to it is perhaps the ordinary 
wash-bowl well fitted up, supplied through half-inch basin-cocks, and 
drained through l^inch pipe, with a l^inch S-trap, ventilated by a 
pipe of equal calibre carried to a main air-pipe. In such an appa- 
ratus there is no cavity to collect foulness ; the supply is sufficiently 
copious to wash the sides of the basin by the force of its flow, and the 
calibre of the waste-pipe, including the trap, being uniform, the im- 
petus of the discharge through it is nowhere checked, so that the 
friction of the swiftly passing water scours away the slime whidi 
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tends to collect upon the inner surface of the pipes. Next to the 
wash-basin comes the pantry-sink, or " dish-washer/' which is hardly 
more than a large basin lined with tinned copper instead of porce- 
lain, and drained through the same size of pipe and ventilated S-trap. 
The ventilation of these traps, as well as of all similar ones, 
whether used under bowls, sinks, baths, water-closets or other appa- 
ratus, although absolutely essential to their security as 
a seal, is not yet so universally demanded by archi- ^*¥JUe?" ^ 
tects, or practised by plumbers, as it should be. Many 
and varied experiments with glass and other traps have conclusively 
shown that the effect of the discharge of a volume of water through 
those of the ordinary form, even when ventilated, is not, as appar- 
ently it would be, to leave a residue of liquid in the bend, standing 
at the level of the bottom of the outlet-pipe (Fig. 135) but is rather, 
by the impetus given to the whole moving mass, to throw a consid- 
erable pordon of the residuary water beyond the bend, a portion 
running off through the outlet into the drain, while the remainder 
ginks back into the trap, partially filling it. (Fig. 186.) 
When the t^ap is unventilated it very frequently hap- 
pens that the column of water passing through it, and over the outer 
bend, sets up a siphon-like action, the rising portion of the bend 
forming the short leg and the dis- 
charge-pipe the long leg of the 
siphon. When this happens, all 
the water in the trap is drawn over 
after the main stream, leaving it 
empty (Fig. 137), and of course 
destroying its efficacy as a check 

to the ascent of foul air. Another/^ iTl-^ilTirTlfl H B Ji 

kind of siphon action is produced 
in the same traps whenever a con- 
nderable quantity of water is 
thrown down any waste connected p. ,3j 

with the drainage system. The 

main waste being filled, or nearly so, by the charge, is partially ex* 
hausted of air by the passage of the water through it, and unless the 
deficiency is supplied through ventilation-pipes the external atmo- 
sphere will force its way in through the traps, pushing the sealing- 
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irater before it, and leaving them open. To guard against the 
splaahing of water over the bend, it is now common to make the 
trap very deep ; and siphonage of all kinds is prevented by ventil- 
ation pipes attached to 

every trap at the outlet 

bend, and carried to 

some main air-pipe. It 

was once usual to make 

these ventilation-pipes of 

small calibre, but experi- 
rtff. IS6. ence has shown that air f^iff- '37. 

passes so slowly through small tubes that nothing less than 1^ inches 
is now used for small traps and 2 inches for larger ones. 

If nothing but clear water passed through house-traps, the science 
of plumbing would be an easy matter, but it is not so; and with 
the kitchen sink serious difficulties begin to appear. 
' The supply, by means of two " bibb-cocks " for hot 
and cold water respectively, is simple enough, but the waste liquid 
from the kitchen inevitably contains more or less fatty matter, gen- 
erally in a melted state, and suspended in small globules in the 
water, which during its passage through the cold pipes is chilled, and 
the floating particles striking the metal walls are congealed, covering 
them with a tallow-like coating, which gradually thickens from accre- 
tions of similar matter until the pipe or siphon trap is nearly or 
wholly choked. The coating is very hard, so that no flushing, however 
vigorous, can do more than hasten the passage of the liquid and re- 
move the inevitable congelation to a point farther down the pipe, and 
the only way to avoid certain ultimate stoppage at some point is to pro- 
vide a reservoir or catch-basin on the line of discharge, 
' which may retain the waste waters long enough to al- 
low the grease to congeal and separate, and shall at the same time 
be large enough to contain a certain accumulation of solid matter 
without obstructing the water-way, and in a position where it can be 
readily reached and removed upon occasion. Years ago this was 
done by placing at some distance beyond the trap of the sink, either 
in the cellar or out of doors, a " grease-trap," consisting of a small 
tight brick cesspool, into which the waste-pipe from the sink emptied, 
while a second pipe, inserted in the wall of the grease-trap with its 
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moatb tarned downward (Fig. 138),* so as to prevent the entrance of 
floating cakes of fat, carried the overflow to the drain. This form 
of trap would often hold the accumulated grease of many months, 
but offensive decomposition was apt to appear in the accompanying 
liquid, and it is generally preferable to discard in such a situation 
both the S-trap and the little cesspool, substituting a device which 
combines the advantages of both in the shape of a ** round trap," 
shown in section in Figure 139, and provided with a large brass 
trap-screw at the top, which can be opened whenever necessary and 
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Fig. 139. 



the fatty coating removed in a few moments. The round traps com- 
monly used for sinks are of lead, six inches in diameter, with a 4-inch 
brass trap-screw inserted in the top. Until nearly filled with grease 
they are not easily siphoned out, and for this reason it is not cus- 
tomary to provide them with air-pipes, but the advantages of ventil- 
ating all wastes are so great that no exception should be made in 
their favor. 
Wash-trays are usually drained through a round trap of the same 
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size and construction in order to prevent any possi- 
ble stoppage of the pipes by soap, which will in time 
form a greasy coating upon them. One trap is enough for a set of 
three or four trays. 

For the kitchen sinks themselves no perfect material has yet been 
introduced. Small ones are made of white earthenware, which is 
all that could be desired, but specimens up to 24'' X 48", the average 
size for good houses, are hardly yet attempted, and soapstone forms 
perhaps the best substitute. Earthenware wash-trays are howeve* 
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already in use, and thoagh they are more expensive than soapstone 
the forty or fifty dollars of extra cost is more than repaid by their 
beauty and cleanliness. Iron sinks are much used and are made 
either plain, galvanized, or enamelled ; the galvanizing being, per* 
haps, the most durable finish. 

Bath-tubs can be had of earthenware, but at considerable addi- 
tional expense, the ordinary material being tinned and planished 
copper of suitable thickness. Fourteen ounces to the 
square foot is the weight which will generally be used 
r.nless the specifications direct otherwise, but copper of this thick- 
ness will soon << cockle" and become uneven from the expansion 
caused by hot water flowing over it, and sixteen-ounce metal is the 
lightest which is suitable for a first-rate job. Some architects re- 
quire eighteen-ounce copper, which gives excellent results. The 
best manufacturers of baths stamp the weight of metal on each, so 
that there is no difficulty in discovering whether the contract has 
been complied with in this respect. 

Every bath should have its own ventilated S-trap, separate from 
all other fixtures. The old custom of running bath or basin wastes 
into water-closet traps is obsolete among good plumbers. The sup- 
ply may be brought through plain bibb-cocks (Fig. 140), bath-bibbs 
(Fig. 141), or by means of various 
forms of combination-cocks or 
concealed valves. It is quite com- 
mon to arrange the cocks for hot 
and cold water behind the end of 
the tub, operating them by means _ 
"*• '*^' of small handles above the cap- ^''- '*"" 

ing. Inside the bath is a single small mouth-piece through which 
the hot and cold streams issue, mixed, at the temperature desired. 

The supply, may be placed close to the bottom of the tub, so that 
it fills noiselessly, but in this case, unless the ordinary pressure 
is very considerable, a check-valve should be put in the cold water 
supply, or the opening of a cold-water cock in a basin or sink on a 
story below may, if the main supply should happen to be cut off, 
draw water from the bath. 

For sinks, wash-trays, basins, baths, slop-hoppers and similar app*^ 
ratus, the supply of water is drawn from the pipes by means of 
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cocks varjing much in form and phape, and still more in construc- 
tion. As a rale, the particular variety to be employed n-oook 
is mentioned in the specification, but there are some 
architects, and many more builders, who are content to regard the 
whole science of plumbing as a mystery beyond their comprehension, 
and either pass over such details in silence, or specify the cheapest 
varieties without regard to the conditions under which they are to be 
used. 

All the forms of cocks, however varied in appearance and use, 
belong to one or the other of two great divisions, the ** ground " or 
the " compression " cocks. The ground-cocks operate by means of 
a plug, which is inserted into the bore of the pipe, and is itself pierced 
with a hole of nearly similar size, so that when the plug is turned in 
BQch a way as to bring the hole into the axis of the bore of the pipe, 
the water runs freely through it; but by turning it at an angle 
with its previous direction the solid part of the plug is brought 
across the water-way and the flow cut off, either partially or wholly, 
according to the length of the arc through which it is turned. Fig- 
ares 140 and 141 show two common 
forms of ground-cocks, and Figures 
142, 143, and 144 explain the ac- 
tion of the pierced plug, Figure 140 
showing a horizontal section of the 
cock when open, fully Figure 148 
when partially closed, and Figure 
144 when wholly closed. Of coarse 
the efficiency of such a cock, which 
Is exactly the same in principle as 
the key of an ordinary gas-fixture, 
depends upon the accuracy with 
which the plug is ground into its 
seat ; and to provide for tightening 
it after the surfaces have become 
abraded by the friction of use, it 
is customary to taper the plug and 
to insert a set-screw in the bottom, acting upon a strong spring inter- 
posed between it and the main body of the faacet, so that a turn of 
this will draw the plug down further into its seat. 




Fig. 142. 




Fig. 143. 
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This answers Tery well with clean water, but many public ana 
private wells, reservoirs, pamps or other soarces of supply deliver 
water containing small particles of sand, which are drawn into 
the faucets and get between the plug and its seat, where they soon 
cut small grooves which allow water to pass around 
^^^'cooZslI^"' *^® P^"S ** ^ times, and the faucet drips persis- 
tently, notwithstanding the tightening of the set- 
screw. Such a leak cannot be remedied, except by putting in a 
new faucet, which involves a considerable expense. This difficulty 
is obviated by employing the compression or screw-down cocks, 
through which the water (lows in a devious course, passing at one 
point through a strong metallic diaphragm, pierced with an opening 
of the requisite size, but capable of being closed by the application 
of a piston, armed with a leather or rubber washer, which is brought 
down upon it by a screw operated by a cross-handle from the out- 
side. There are many varieties, some employing a lever instead of 
a screw, and closing with the flow of water instead of against it, but 
the principle is the same in all : the current being controlled wholly 
by the movement of the soft washer, the grains of sand which may be 
present can do no worse than lie on the top of the diaphragm, and 
indent themselves in the leather as it descends upon them, without 
affecting the metallic portions of the cock in the least; and when the 
washer is worn away, as it will be in course of time, a fresh one can 
be inserted by any person in a few minutes. 

The only common form of apparatus which remains to be described 

is the water^loset, of which many varieties are used. The worst 

of these in principle is the ordinary pan-closet 

(Fig. 145), in which a pan, so arranged with valves 

and cistern or other supply as to be kept full of water when at rest, 

is held up by a counter-balance weight against the lower orifice of a 

_ _. stoneware basin. The pan, counter-balance and other 

working parts are enclosed in an iron ^* container, or 

** pot," above which the basin is set, while itself discharges through 

a lead S-trap into the main soil-pipe. Upon occasion the pan is tilted 

by pulling the handle beside the seat, as shown by the dotted lines, 

and throws its contents into the " pot," whence they find their way 

into the trap, and thence to the drain. The dashing of the soil and 

water against the rough inner surface of the cast-iron container 
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loon smears it with filth, which decomposes, eyolying much foul 
vapor, and although the 
water-seal of the trap 
below prevents the gas- 
es of the sewer from ris- 
ing through the closet, 
the same barriei^ serves 
to hold within the 
container the effluvium 
which proceeds from 
the matter adhering to 
its walls till the unclos- 
ing of the mouth of the 
basin above by the rais- 
ing of the handle, and 
consequent tilting of 
the pan, allows it to 
escape upward, which 
it does in a nauseating 

whifF, familiar to everj one. Besides this avenue of occasional exit 
a smaller one is always open, through the journal in which the pivot 
works which serves to tilt the pan. This might be made gas-tight, 
but in practice never is, and after the putty which is put around it 
on first setting is broken away b}' the movement of the pivot a con^ 
tinual leakage of effluvium takes place. Various devices have been 
employed to lessen this annoyance : the best closets of the kind, in 
places where they are not yet superseded by very different appa- 
ratus, have the containers enamelled with smooth white porcelain, 
wfucn is more easily washed by the flushing water ; and others are 
fitted with ventilating tubes, to give a safe outlet to the air of the 
container ; but the amelioration of the evil is only partial, and good 
plumbing work now admits no form of water-closet which gives any 
lodgment for filth, or opportunity for the generation of gas, on the 
house side of the trap, this, if ventilated as it should be, forming an 
effectual barrier against the return of any kind of vapor. 

One variety of improved closet which is now popular, and if well 
made is very good, substitutes for the bulky pan under the bowl a 
imall valve, which fits tightly against the mouth of the bowl, and 
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holds tbe water in at the height determined bj an overflow until the 
lifting of the handle drops it, and allows the contents of the bowl to 
escape into the trap. As in the case of the pan-closet, a receiver 
must be arranged under the bowl, to give room for the movements of 
the valve, but this is very small compared with the container of the 
pan-closet, so that it is well washed by the passage of the \at^ body 
of water discharged from the bowl, and its surface being enamelled, 
little or nothing remains in it to decompose. Nevertheless, it is 
necessary for a first-class job to ventilate even this small receiver by 
a separate air-pipe. If this is done, not only is the vapor rising 
from a possible contamination of its walls prevented from issuing 
into the house on the opening of the valve, but that from the water 
of the trap below is withdrawn safely. It is now usual, in closets of 

this kind, to make the bowl with a " flushing- rim," or 
' 0*08eSfc"" P'^rced pipe formed in the earthenware itself around 

the upper edge. The flushing water enters this and 
10 carried entirely around the rim, descending on all sides and wash- 
ing every portion of the bowl. 

This flushing-rim is an essential requisite of a good closet. With- 
out it the best patterns fail to give perfect satisfaction, and with it a 
very simple closet can be kept thoroughly clean. In fact, the prac- 

tice of the best architects is gradually inclining to the 

use under all circumstances of a closet consisting 
merely of a well-made ^neware bowl or " hopper," with either a 
stoneware trap made in one piece with it or a separate lead trap, as 
circumstances may decide, and furnished with a flushing-rim, with- 
out valves, pan, or moving parts of any kind. The supply is s^o 
arranged as to deliver a considerable quantity of water with a sud- 
den rush all around the rim, and the effect is not only to wash the 
bowl thoroughly at each discharge, but to urge the contents of the 
trap forward with such force as to insure their passage into the soil- 
pipe, leaving only clean water to form a seal. Without the sudden 
and copious downward supply, fllth is sure to be left floating in the 
water of the trap, exposed to sight and smell, so that hoppers should 
only be used where this can be insured. 

A fourth variety of closet should be mentioned. This is the 
plunger-closet, of which the earliest form was the Jennings patent 
(Fig. 146), consisting in an earthenware bowl with side outlet and 
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trap, beneath in one piece with the bowl. The water is retained in 
the bowl by a plunger, as shown in the figure, fitting against a rub- 
ber seating. When the plunger is lifted by means of 
the handle, the contents of the bowl flow out beneath c'losSST 
it, into and over the trap. The overflow in the origi- 
nal Jennings closet was arranged to take place through the plunger, 
which was made hollow for the purpose, but effluvium from matters 
which might be floating in the trap passed readily up through the 
same avenue, and escaped into the room around the handle by which 
the plunger was moved. 





Fig. 146. 



Fig. 147. 



The supply was delivered through a delicate valve, which required 
to be adjusted to the pressure for each closet, and where this was 
variable, often allowed water at times to run to waste through the 
closet and the overflow. Both these defects have been remedied in 
vartous ways. In the Demarest pattern (Fig. 147), a small cistern 
is attached to the bowl, communicating with it, and a ball-cock in 
this affords a reliable means of shutting off the supply when the 
basin is fulL The overflow takes place through the plunger, which 
is considerably larger than in the Jennings apparatus, but is trapped 
in its passage 

All the closets of this description, as indeed of any other, require 
careful use, to prevent filth from lodging upon or about the plunger, 
where it decomposes, sending up faint odors around the handle. If 
Uiis should happen, the cup can be unscrewed and the plunger lifted 
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out and cleaned in a few minutes, but even this trouble is to be 
avoided if possible. 

The main point to be observed in setting closets is the security 
of the connections. The old-fashioned bowls have earthenware 
" horns " to receive the supply, and the only joint pos- 
sible between these and the lead pipe is made with a 
mass of putty, tied with a rag ; but all modern apparatus has brass 
ferrules or couplings baked into the earthenware horn, and a perma- 
nent soldered joint is easily made. In the same way, the connection 
between the outlet of the container, hopper, or trap, as the case may 
be, whether of iron or stoneware, and the lead pipe or trap beyond, 
is still usually made by " flanging " the end of the lead pipe out on 
the floor, inserting the projecting mouth of the closet, screwing it 
down, through the lead, to the floor, and daubing the whole with 
putty ; but the very best apparatus is now provided with brass fer- 
rules at the outlet as well as at the inlet, securing a perfect joint. 
Where putty is necessarily used about plumbing work, it should be 
mixed with red lead, to prevent rats from eating it, or it will soon 
disappear. 

At the end of this Fart will be found a plumber's specification, 
which will serve to call attention to certain points which need not 
here be mentioned. 

The plumber's work continues, simultaneously with the other build- 
ing operations, nearly until the completion of the house, so that in 
point of time the description of a considerable portion of it belongs 
with work mentioned hereafter, but it is more convenient to gather 
together in one place whatever needs to be said upon the subject, and 
one more matter remains to be explained before we dismiss it en- 
tirely from our minds. 

After the contract is completed, and the connections made between 

the bath-boiler and the water-front of the range or cooking-stove, 

the water should be turned into all the pipes, in order 

^'^Tiiit!*"* that imperfect joints, or the holes frequently caused 
by the careless driving of nails, may be detected and 
remedied. At some subsequent time, when the traps have been filled 
by use, the tightness of the drain-pipes should be tested with oil of 
peppermint. The oil is sold expressly for the purpose, in two-ounce 
vials, hermetically sealed by melting the glass together over the 
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mouth. A man is sent up to the roof with the vial of oil, and after 
stopping up temporarily all yentilation or air pipes connected with 
any part of the drainage system, he breaks off the top of the vial, 
and pours the contents down into the soil-pipe, which will as a mat- 
ter of course in any modern house project above the roof. A pitcher 
of hot water is immediately handed up to him, and he pours this 
down after the peppermint, and closes the mouth of the soil-pipe by 
stuffing in paper or rags. The peppermint is volatilized by the heat 
of the water, and the vapor, unable to escape, penetrates by diffu- 
sion every part of the system. Meanwhile, another man examines 
all the drain, soil, and waste pipes in the house, and if the operation 
has been properly conducted, the slightest odor of peppermint in the 
building will be conclusive evidence of some defect, either in a joint 
or pipe, which must be at once remedied. It is important that the 
man who carries and applies the peppermint should not be allowed 
to enter the house, as he is sure to carry with him some trace of the 
powerful scent, which will make the test useless. After the trial is 
over, the pipes above the roof may be unclosed, and if no leak has 
been detected, the plumbing can be pronounced safe. Plumbers 
often profess to apply this test, but do so in a manner which makes 
the result unreliable. Unless the apertures of vent and soil pipes 
are closed, a circulation is very apt to exist between the upper por- 
tion of the soil-pipe and the nearest air-pipe, which will, especially if 
DO water is used to help the diffusion of the oil, carry off the fra- 
grant vapor before it can penetrate into the comparatively stagnant 
atmosphere which fills the lower portions of the system. 

The fumes of burning sulphur are sometimes sybstituted for the 
peppermint vapor, but the application is more troublesome, and the 
result no more satisfactory. 

At or before this stage in the construction the furnace should be 
put in, and the cellar floor concreted. If left, as is often the case, 
till a later period, when the kiln-dried finishings or 
floors are in place, these are very apt to absorb damp- 
ness from the mass of wet cement in the basement, and lose their 
shape or their glossy surface. 

We have to deal with a client who insists upon an ample supply 
of fresh air at all seasons, and have therefore advised him to select a 
fnrnace possessing as large a radiating surface as nossible, in order 
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to secure the delivery into his rooms in cold weather of an abandant 
supply of moderately warmed air; and in accordance with this in- 
tention we have provided for large hot-air pipes and registers every- 
where. That this will involve greater expense, both in the original 
cost of the apparatus and in consumption of fuel, than would be 
necessary for obtaining the same amount of warmth by means of a 
smaller volume of hotter air from a furnace with less radiating sur- 
face, we have frankly told him, but he is wise enough to think that 
true economy lies in sacrificing something for the sake of the health 
and good spirits which only fresh air can give. 

He is, indeed, so bent upon securing a perfectly pure atmosphere 
in his house in winter as to be quite alarmed when we propose to him 
the purchase of a cast-iron apparatus, and reads to us extracts from 
the circulars of various manufacturers of wrought-iron furnaces, 
which, as he says, " prove " that carbonic acid, carbonic oxide, and 
otlier deleterious gases *' pass freely through the pores of cast-iron," 
and escape into the house. We assure him that this danger is 
greatly exaggerated, if not entirely imaginary ; while the large ra- 
diating surface, which is absolutely essential to the effect which he 
desires, can be had only in one or two costly forms of wrought-iron 
furnace, most of these consisting simply of a short cylinder of sheet 
metal, inverted over the fire-pot, and presenting a very limited, but 
very hot surface to the air flowing past it. As air can only be 
warmed by actiud contact with a heated body, such a furnace, if set 
in a large casing, with ample supply of air, instead of warming the 
whole to a moderate degree would heat a small portion intensely, 
leaving the remainder as cold as ever, and the registers would either 
deliver into the rooms alternate puffs of very hot and very cold air, 
or certain rooms only could be heated, at the expense of the others. 
To be operated successfully, this sort of apparatus must be fitted 
with a small air-chamber, and small pipes and regis- 
aSmf Surftioe. ^^^' '^^^ casing of the air-chamber is then heated 
' by radiation from the dome of the furnace, close by, 
and the small volume of air which passes between the two surfaces 
is thoroughly and strongly warmed, acquiring thereby a powerful 
ascensive force, which throws it easily in any required direction 
through pipes of appropriate size, and heats the rooms above, not by 
introducing a full volume of warm air, but by means of a small cur- 
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rent of very hot air ; which mixes with that already in the apart- 
ment, so as to raise the whole to the required temperature. 

To obtain an abundant supply of moderately warm air, it is essen- 
tial, as furnaces are now constructed, to provide a large air-chamber, 
and distribute the smoke-tubes and other radiating 
surfaces in it in such a way that the air cannot pass ^"'yurSce.^^"* 
through without striking one or more of them. The 
air issuing from such a furnace will all be warm, instead of partly 
cold and partly hot, as it would be without this division of the heating 
surface ; and the quantity being greater, a much lower temperature 
will suffice to produce the same effect in warming the rooms above. 

Most castriron furnaces are designed with special reference to this 
end, which has been recognized as desirable ever since heating appa- 
ratus first came into use ; and many of them secure it tolerably well. 
Unfortunately, the castings are sometimes defective, and the joints 
are subject in several forms to separate or break by the effect of ex- 
pansion and contraction, with the result of allowing smoke and gas 
to escape and mingle with the fresh air in the pipes. We have, how- 
ever, selected a pattern in which the castings appear on close exam- 
ination smooth and sound, and the joints, while occurring at the most 
favorable points, are all put together with short sleeves, which allow 
of expansion and contraction without harm. Unlike most furnaces, 
which receive the air from the cold-air box a little above the level of 
the ash reservoir, ours is intended to stand over a pit dug in the 
cellar floor, into which the cold air is brought by an underground 
conduit, to circulate first beneath the pan of ashes before it ascends 
among the hotter surfaces above. Unless the ground below the cel- 
lar bottom is well drained, such subterranean conduits are liable to 
infiltrations of unwholesome moisture, and this point should be deter- 
mined before the choice of apparatus is made. The air trunk is 
made of brick, with brick bottom, plastered with cement, and cov- 
ered with flag-stones. The pit into which it opens is walled with 
brick ; the same wall being extended upward if the furnace is to be 
** brick-set," or forming merely the foundation for the sheet-iron 
casing if the " portable " variety is used. A brick pier in the cen- 
tre serves to support the heavy castings above. Into the further 
end of the brick trunk is cemented the cold-air box, of iron or wood, 
which brings air to the furnace from a window or other opening. 
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The superintendent must see that the cold-air box is not made too 
small. The obvions rule for determining^ the proper size is that it 
should be capable of conveying into the fnrnace- 
I^JIJJj'jJ^ji^ chamber as much air as is to be drawn out by means 
of the registers ; or, to put it in another way, that the 
capacity of the cold-air box should be equal to Uiat of all the hot-air 
pipes which will ever be in use at one time, less one-sixth, which 
represents the gain in volume which the air acquires by expansion 
in passing through the furnace. In our present example, the regis* 
ters in the parlor, dining-room, hall, and staircase-haU are, for the 
sake of insuring an abundant ventilation, supplied through circular 
tin pipes, twelve inches in diameter. Two chambers in the second 
story have ten-inch pipes, two have eight-inch, and the bath-room 
has a six-inch supply. The aggregate sectional area of these will 
be, expressed in square feet, (l^ + 1^ -f 12 -|- 1* -|- (JJ)a -f (^)a + 
(|)a_j. (|)a^ (j)8 X .7864 = 5.18 square feet. Six-sevenths of 5.13 
will be 4.89 square feet, and this will be the necessary minimum sec- 
tional area of the cold-air conduit to insure a supply of warm air at 
each of the nine registers, in case they are all open at once, as they 
should generally be. If the cold-air box is made smaller than this 
calculation would require, the flow of warm air at the registers will 
be feeble and uncertain, or " wiredrawn," or perhaps at some of 
them it may cease entirely, or even be reversed by the draught of 
the longer pipes, which, unable to obtain through the contracted 
cold-air box the quantity which they require, draw down through the 
registers nearest the furnace an additional supply. 

Where so liberal a provision of fresh air is to be made, it is par- 
ticularly necessary to see that the outer opening of the supply-con- 

. ^ . duit is not so situated as to be unfavorably acted upon 

Alr"8upply. , , .,-... 1.1 .1 . , 

by the wind. It is usual to place the opening toward 

the north or west, as the coldest winds come from those points, and 

while they blow the air is drawn through the furnace with greater 

rapidity than usual, and if fire enough is kept up, the supply of 

warm air at the registers is correspondingly increased. There is, 

however, under these circumstances, some danger that a high wind 

may drive the air through the conduit so rapidly that it cannot stay 

long enough to get warmed on the passage, and blows out from the 

registers in a chilly stream ; and to guard against this a slide-damper 
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is asnaUy inserted, which can be partially closed to temper the force 
of the incoming blast; but if a change then takes place in the direc- 
tion of the breeze, the furnace is left without its needful supply of 
air. Occasionally the single inlet proves to be the source of still 
worse troubles. If, while it remains open, a violent wind should 
spring up from the quarter opposite to that toward which it faces, 
the partial vacuum which always exists on the lee side of a building 
may become so decided as to cause air from within the house to flow 
toward it by the most direct channel, which will be downward 
through the registers, into the air-chamber of the furnace, and 
thence by means of the cold-air box to the outside. By this reversal 
of the ordinary course, not only are the rooms deprived of heat, but 
the air drawn from them at a comparatively high temperature 
becomes intensely hot in passing again over the radiating surfaces 
of the furnace, and may even, if the cold-air box is of wood, be the 
means of setting this on fire, and with it the house itself. This is a 
much more common accident than most persons imagine, and safety 
as well as comfort make it important to guard against the causes 
which may occasion it. 

The simplest way of preventing reversed currents in the cold-air 
box is to give it ttoo openings to the outer air, as nearly as possible 
opposite to each other ; then, whatever may be the direction of the 
wind, the air cannot be drawn out of the furnace. It may, however, 
still blow through the registers, and a still better mode is to carry 
the cold-air box entirely across the building, at a little distance from 
the furnace, opening to the outside at each end, drawing from this 
the supply to the furnace by means of a short, but sufficiently capa- 
cious pipe, oi>ening into the main conduit, at right angles to it. 
Then the wind may blow at will through the main trunk, without 
afEecting the current in the short pipe, which will continue to draw 
at aU times just the supply that the furnace needs, and no more. 

Whether the cold-air box shall be made of wood or metal is a 
question to be decided according to the circumstances of each case. 
Galvanized iron has the great advantages of being 
impermeable, so that no cellar air can be mixed with ool^^-Alr^BoL 
the pure current from out of doors or its passage 
through the furnace and the pipes, and of being fire-proof, so that 
there will be no danger, however hard the wind may blow, of having 
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the building set on fire by an unexpected back draught ; but it is very 
ex|)ensive, and those who wish to secure its advantages must pay for 
them. On explaining the matter to our cUent, we find that even hia 
enthusiasm for fresh air is a little damped at learning that a galvan- 
ized-iron air-box for his furnace would cost more than the ifurnace 
itself, and he takes the question under consideration for a few days ; 
but an inspection of the wooden air-boxes in the houses of his 
friends shows them to be full of crevices, sometimes large enough to 
admit the hand, and in all cases quite capable of allowing an unlim- 
ited amount of cellar air and dust to be drawn into the furnace and 
discharged into the rooms above, so that he finally declares in favor 
of an impervious conduit at any cost. 

The concreting of the cellar floor is generally done before the fur- 
nace is set, to avoid spattering the iron or brickwork with mortari 
but all air conduits, ash pits, and other work below 
the floor level should be completed, to avoid breaking 
into the concrete coating subsequently. The thickness of the stratum 
should be determined by circumstances. On very soft soil four to six 
inches may be necessary to prevent settlement and cracks, but under 
ordinary conditions it may with safety be made three inches thick. If 
less than this the falling of heavy weights upon it, or long-continued 
movement on it, may break it, and when once fractured it crumbles 
and deteriorates rapidly. Only the very best fresh cement should be 
used, otherwise the concrete will be weak, and attrition will reduce 
it easily into dust. The proper proportion of ingredients is one 
shovelful of cement to two of sand, first well mixed together, and 
then quickly stirred up with three shovelfuls of screened pebbles 
or broken stone, and immediately spread upon the floor. The 
country masons, to whom a cellar without water in it in spring 
would seem almost abnormal, generally give the concrete an in- 
clination to some point from which it can be drained away to the 
outside, but we do not intend, and if our directions have been 
thoroughly enforced we need not fear, that any water will penetrate 
our walls, and no provision is therefore necessary for carrying it off. 
After the furnace is set and the concreting finished, 
and while the plumber is completing his work, the 
joinery of the house will be going on. The first step is usually the 
setting of the door-frames, and the superintendent will need to 
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refresh his memory in regard to the specified sizes and heights of 
the doors, and measure each frame as it is set, or risk finding, too 
late, that transpositions of the most annoying kind have been made 

in them. The frames are also very apt to be set out _ 

Door^Prainoa 
of square (Fig. 148), so that the door must be subse- 
quently bevelled off to fit them, giving a slovenly appearance to the 

^^^^s^^^l ^^^^® work. This should be provided against 

f^^^^ BB^^ ^y ^^c^^ testing with the try- square and plumb- 

I rule. Pocket-rules are sold at the hardware 

I stores, containing a level, and a folding steel 

I blade, which can be adjusted so as to form 

I nearly a right angle, and although their use- 

I fulness would be much increased if they were 

1 I 11 more accurately made, the young architect will 

Fig. 148. find them of service. In default of some such 

tool, the diagonals of the frame may be measured with a string, or 

a piece of wood : if they agree the frame is rectangular, though not 

necessarily plumb. 

The height, width, and rectangularity of the frames once verified, 
the position of the rebates should be noted to make sure that the 
doors will be hung on the side intended. It is usual to 
mark the swinging of the doors on the plans, but *^qJ[J[5J *' 
workmen rarely trouble themselves to look at the 
drawings for information in regard to such matters, and after it is 
too late to change them the doors are very apt, especially in inferior 
rooms, to be found opening across stairs or passage-ways, against gas 
brackets, or in some other inconvenient manner. While considering 
this point the superintendent may make sure that the doors will be 
hung on the proper edge, as well as the right side of the partition, 
by marking the position of the hinges on the frames in accordance 
with the plans, or perhaps modifying these if circumstances render 
it advisable. 

Next comes the application of the *' standing finish,^' — architraves, 
wainscotings, and bases. Modern moulded work is almost invariably 
cut with revolving knives, under which it is drawn by fluted cylinders, 
whose edges, in order to obtain a firm grip of the standing Pin* 
piece, press so strongly against it as to cause slight ^*^' 

transverse indentations on the prominent portions, varving from 
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a quarter to a third of an inch apart, which injure its appearance very 
serioasly unless the marks are subsequently smoothed off with sand- 
paper. For hard wood even this will not be enough, and the flat 
surfaces should be dressed with an ordinary plane to prevent the 
reappearance of the ridges after polishing. Sheathing boards and 
mill-wrought stock of all kinds for good interior work should be 
smoothed with the plane in the same way. This adds considerably 
to the expense, and cheap contractors will shirk it if they can, but it 
should bo insisted upon. 

Another way in which the inferior class of builders often try to 
gain some advantage for themselves is by "splicing" architrave 
Splicing of mouldings (Fig. 149), out of short 
MouldlnKS. pieces. As the mouldings come from 
the mill in lengths of ten to fourteen feet, there is 
considerable waste in cutting unless some mode is 
provided for utilizing the short pieces, but the ap- 
pearance of a spliced architrave is so bad as to 
make it inadmissible in good work. Horizontal fin- 
ish, such as bases, wainscots, wooden cornices, and 
chair-rails, must, however, be spliced, and care will 
be necessary to see that the adjoining pieces are 
properly matched, and that the joints do not come 
in conspicuous situations. 

The stairs will need constant attention to secure a satisfactory 
result. Before any work is done upon them, the superintendent 
should examine tlie plans to make sure that' none of the flights 
are too narrow or too steep, and that there is ample 
head-room where any passage is intended beneath 
them. The draughtsmen who prepare working plans from the 
architect's sketches sometimes fail to comprehend fulb' the structure 
which their drawings indicate, or forget to make the necessary allow- 
ance for thickness of floors, stair-timbers, and landings. Where a 
passage-way or flight of stairs is planned under another flight, the 
„ _. ^ clear vertical height beneath the latter may be ascer- 

tamed by counting the number of risers to the point 
where the head-room is to be calculated, multiplying this quantity 
by the height of each riser as found by dividing the total distance 
from floor to floor by the whole number of risers, and subtracting 



Fig 149, 



stairs. 
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from the dimension so found at least eighteen inches, which will 
represent the vertical measurement from the top of the tread, jusi 
over the riser, to the under side of the plastering, in ordinary stairs. 
If the flight is steep, twenty inches, or even more, must be taken, 

while with long, straight 
flights it is often neces- 
sary to reinforce the 
stringers with whole tim- 
bers, or "carriage tim- 
bers," (Fig. 150), set 
parallel with them, but 
at a sufficient distance 
below to clear the inner 
angle of the st^ps, which will increase the total 
y vertical depth between top of tread and under side of 
plaster to thirty inches or more. It should be remem- 
bered also that a person in descending a flight of stairs usually leans 
forward, and that the headway under a trimmer beam which appears 
ample where the vertical height alone is taken may prove insufficient 
in execution. 

Inferior stairways often show defects of planning, independent of 
miscalculations in regard to head-room. It is not uncommon to see 




Fif. ISO. 
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Rff. 151. PIf. 152. 

such stairs indicated as are shown in Figure 151, where a person 
descending in the dark might, with a single step, from S or X, fall 
three or four feet. The stair-builder would probably take upon him- 
self the responsibility of changing the flight from the " dog-legged " 
form shown in Figure 151 to an "open newel, " (Fig. 152), adding a 
square " step in the well " W, and putting two instead of three ** wind- 
ers" in each turn, thus making the stairs comparatively safe and 
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convenient, though narrower than the first plan intended ; but it ia 

unsafe to depend upon his thought! ulness to correct errors. Another 

fault often seen in hack stairs is the filling up ot the well on one floor 

by a closet, while the stairway 

below is left open. (Fig. 153.) 

The point of the floor, P, is in 

this case apt to project over the 

stairs in dangerous proximity to 

the heads of those passing up or 

down, and should be protected 

by sheathing, at least on one 

side, down to the raiL F\g. 153. 

The steps should not be too steep. For inferior stairs the risers 

may be 8 inches and the treads 9 inches, to which the nosing will 

^ , ..^ «.. add 1 J inches more, making the whole width of the 

Height of Rlsersi ' ,. , ,, , 

step 10} inches; but this should be regarded as 

the limit. As the height of the risers is diminished, for superior 
staircases, the width of tread must be increased ; the best rule being 
that the product obtained by multiplying the measure in inches of riae 
and tread together should not be less than 70, or more than 75. 
Seven and a half by ten inches is suitable for ordinary cases ; seven 
by ten and a half is unusually easy, and six by twelve gives an air 
of old-fashioned luxury to a staircase. Some ancient mansions pos- 
sess flights which rise only five or five and a half inches at each step, 
but these are hardly comfortable to our unaccustomed feet. 

The greatest care should be taken to see that the staircase as exe- 
cuted will correspond with the plans, or, if mistakes in framing or 
miscalculations in regard to headway should have rendered this 
impossible, that the difficulty is remedied in the best way. It is a 
very common experience with young architects to be obliged to modify 
their designs on this account, and their ingenuity, as well as the 
patience of the stair-builder, will often be severely taxed to extricate 
themselves with credit from an unexpected difficulty. The stair- 
builder himself is liable to errors, and his work should be examined- 
with particular care at the outset, in order, if necessary, to set him 
right before the progress of the building has made it difficidt and 
expensive to remedy faults which would have been trifling if dis- 
covered earlier. 
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Even in patting up the rough " stringers " it is not uncommon to 
Bee mistakes made, which if passed over will spoil the effect of the 
finished structure. 

Although many architects mark the calculated height of the 
riders on their staircase plans, it seldom happens that the actual 

and theoretical 
distance from 
floor to floor 
agree exactly, and 
a pole should, in prac- 
tice, always be cut to the 
exact length on the spot, and 
this divided into equal parts, cor- 
responding to the number of risers 
required. From this measure the notches 
in the strings can be set out with accuracy. 
(Fig. 154.) Without such precaution, the 
Fig. 154. strings may, on arrival at the building, be found a 
fraction of an inch too low, so that the top-most step must be blocked 
np to a greater height than the rest in order to gain the floor 

(Fig. 155.) More fre- 
quently, the string will be 
to have been cut 





too long, 
and one of 
the steps must be 
made shallower than 
the rest, or the strings 
must be allowed to lean back- 
F.g. IS5. Fig. 156. ward. (Fig. 156.) Such misfits 

should be sharply looked out for, and condemned immediately if de- 
tected. The cutting of a new set of strings is a small matter, while 
stairs of varying height, or out of level, are dangerous as well as 
unsightly. 
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Fig. 157. 




Stair-builders and carpenters often content themselves wita very 
frail supports to their work, especially on landings, and this point 
should receive careful attention. After all is ready for the steps, the 
risers are sometimes first put on, the back edges of 
the treads inserted into grooves cut for them in the 
risers, and the nosings finally 
put in place (Fig. 157), and 
glued, securing the whole to- 
gether. Generally, however, 
the risers and treads are put 
together, blocked and glued at 
the shop, and the steps brought 
complete to the building, ready 
for setting in place. In this 
case the nosings are not ploughed into the under side of the treads, 
but are simply nailed into the angle formed by the riser and the nos- 
ing. (Fig. 168.) 

AVhether the necessary connection between the steps themselves 
shall be made by grooving the inner edge of the tread into the face 
of the riser of the next step above, as shown in Figure 157, or by in- 
verting the process, and ploughing the lower edge of the riser into 
the top of the tread below (Fig. 159), is a matter about which the 
practice of stair-builders varies. Those who choose 
the latter mode justify their preference on the ground 
that by the shrinkage of the tim- 
bers and settlement of the strings, 
the support may be taken away from 
the inner edge of the tread, throw- 
ing, if this is grooved into the riser, 
whatever weight may come upon it 
on the tongue, which is liable to ^''' '^*' 

split off (Fig. 160), while by the other method the tread is free to 
follow its supporting timber, the only result of the movement being 
the partial drawing out of the tongue in the riser. (Fig. 161.) 

In practice, however, the first system is preferable for stairs over 
which the traffic is as light as is usual in dwelling-houses. When the 
risers are tongued down into the treads, the tongue necessarily escapes 
the painting or other finish, so that when it begins to draw out, a 





BUILDING SUTERINTENDENCE. 



187 



sfcreak of a different color is exposed at the bottom of each, forming 
a Tery conspicuous defect. 

The molded " nosing " of the steps should be formed as indicated 
on the sectional sketches, the front of the tread being rounded, and 
ploughed beneath for the insertion of the upper edge of the riser. 
In "open string" stairs (Fig. 162), where the level top of the tread 
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appears at the end, the nosing is continued across it hy means of a 
piece of wood moulded to the fuU shape, one end mitering into the 
angle left for the purpose at the front corner of the tread, while the 
other "returns on itself " at a point vertically under the edge of the 
next riser. Before these pieces are finally put on, the dovetails at 
the edge of the tread, intended to hold the balusters, 
should be cut out. The balusters may then be fitted "^SJJjJJilinf 
in, and the nosing being nailed firmly in place holds 
all secure. The best stair-builders tack the pieces temporarily to- 
gether, so as to insure a perfect fit, before the final nailing. Builders 
of the |M)orest class sometimes dispense with the dovetailing of the 
balusters, and simply fasten them in place by a nail driven diagonally 
through the foot into the tread after the nosing is finished : this gives 
a weak as well as uneven balustrade, and should never be permitted. 
The upper ends of the balusters are almost always secured with nails 
to the hand-rail, even in the best work. 
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With regard to the finish around the inner ends of the stairs, the 
practice of different localities varies somewhat. Whether it consists 
of a wainscot or a simple base, it is in many places customary to trace 
upon the lower portion the exact profile of the stairs (Fig. 163), in- 
cluding the nosings, and sink it to a depth of half an inch by means 
of chisels and gouges. This ** wall string " base or wainscot is fixed 
to *the walls before the stairs are put up, and the ends of the steps, 
as fast as put on, are " housed " into the grooves ready to receive 
them. If nicely done, this is a strong and handsome mode of fitting, 
but the workmanship must obviously be very careful and accurate. 
In New England a different mode is adopted, rather easier in execu- 
tion : for this, the treads and risers of the steps are grooved, before 
putting together, about | of an inch from the inner end, and the 
base or lower member of the wainscot is roughly " scribed " to the 
profile of the upper surface of the steps, and the lower edge then cut 
away so as to form a tongue. After the steps are all secured in place, 
the base is applied and driven home with a mallet. 

The proper termination of the rail at the top of a staircase, where, 
being no longer continued upward, it must be carried across to stop 
against the wall, is a matter not always considered when the draw- 
ings and specifications are made. The best finish is obtained by 
placing a half-post against the wall ; but if this is not 
mentioned in the contract documents, a makeshift, 
consisting of a round cast-iron plate, with a socket to receive the 
rail, and screwed to the wall, is likely to be substituted for it. 
As soon as the treads and landings are in place, the broken boards 
of the under fioor, and the places cut for the plumbers 
Upp«r Floors. ^^^^ j gas-fitters should be repaired, and the laying of 
the upper floors may begin. This is usually commenced in the top- 
most story, in order that each floor, as completed and planed off, 

may be swept out and the rooms locked. For floors 
Sprucoa 

intended to be carpeted spruce forms the ordinary 

material north of New York. It is cheap, and has the advantage of 
being very free from knots and defects, so that a room laid with it 
looks clean and handsome. The adhesion of the annual rings is, 
however, very slight in spruce timber, and boards taken off the out- 
side of the log (Fig. 164), which may be recognized by their grain 
or "figure," like Figure 165, are liable, after being dried by a 
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winter s famace heat, to splinter up in a most annoying manner ; 
or if the rings do not separate, the boards are likely to curl up 
(Fig. 166), forming ridges which rapidly 
cut the carpets laid over them. Both the 
LB defects will be avoided by choosing spruce 
boards in which the figure consists rather 
of fine parallel lines, indicating that the 
I annual rings are divided in a direction 
nearly parallel to the radius of the trunk 

clear boards with no ap- 
parent figure are often cut from sapling 
trees, but are soft, and liable to excessive 
shrinkage. In the Middle States pine is the favorite 
flooring material. It is softer than spruce, and little 
liable to curl or splinter. Clear pine, however, is very costly, and 
the second quality, which is generally used, contains 
amall knots and streaks of *^ blue sap," so that a floor 
finished with it is not quite so agreeable to the eye as one of good 
spruce. 




Pine. 



Blue Sap. 




Rg. 165 



Fig. 166. 

The mode of laying the boards varies witn the locality. The New 
England carpenters, having a difficult material to deal with, have 
learned to treat it with great skill. Their upper floors of spruce, in 
the better rooms, are usually specified to be laid with 
boards not over four inches wide. Attics may have piU^ri " 
nx-inch boards, but wider ones than these are only 
permissible in closets and store-rooms. The boards, whatever their 
width, are ** jointed," or planed on the edges until these are made 
absolutely straight and parallel, then stacked in the kiln or *< dry- 
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bouse " until all moisture is evaporated from them, and brought di- 
rectly from the dry-house to the building. Beginning at one side of 
the room, they are, or should be, laid in '' courses," from end to end 
of the room, breaking joints as frequently as possible. Where all 
the boards are of exactly the same width, as should be the case in 
the best rooms, the joints may, and should be, broken at every course, 
but as this involves some waste of stock, it is usually necessary to 
make " straight joints " through three or four courses, before the 
varying widths of the boards on each side of the -joint will add up 
to an equal sum, so as to admit of its being crossed by the next 
course. A straight joint of more than loxvr courses should not be 
allowed in rooms intended to be carpeted, for fear of causing a 
ridge; and it is hardly necessary to say that all heading joints 
should come upon a beam. ** Flooring clamps " are used to force 
each board closely up to the side of its neighbor, and it is usual to 
tack the boards at first with a few nails only, und after all are in 
place to lino them with a chalked string, or straight-edge and pen- 
cil, over the centre of the beams below, driving the nails to com- 
plete the work on the lines so marked. 

Before laying the upper boarding, it is necessary in good houses 
to spread one, two, or three layers of felt over the under-boarding, 
in order to prevent air from passing through the joints, and also, by 
the interposition of a non-resonant material, to check 
' the transmission of sound. Cane fibre makes a clean, 
dry material, which will not harbor moths, but a coarse felt of wool- 
len rags is commonly used. Certain varieties are so prepared as to 
be incombustible, and, especially if used in several thicknesses, may 
prove valuable in preventing the spread of fire from one story of a 
house to another. The felt paper made for the purpose from ashes* 
tos is the best of these, but is very expensive ; the Phcenix paper. 
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Fig. 167. 

made in New York, costs but little more than ordinary felt, and re- 
sists fire very effectually, which cannot be said of many soH^led 
" fire-proof " sheathing papers. 
In the Middle States, particularly whore ordinary floors are laid 
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with a single thickness of boards, it is customary to match the 
boards (Fig. 167), as otherwise currents of air would come up freely 
through the joints from the spaces between the beams ; 
aod the influence of this habit, more than any real JJI^JrlnJ^ 
necessity, has made it customary to match also the 
upper boarding of double floors, even in inferior rooms. The match- 
ing of spruce floors is, however, not to be recommended, as the thin 

edge of the grooved side of 
the boards (Fig. 168), is apt 
to curl up or split off. Pine 
is better in this respect, but 
'* ^®' stays in place well enough 

for an upper flooring without matching. 

Where hard woods are used for flooring, matching is, on the con 
trary, essential, since no nails must appear on the surface of such 
floors, and the only way of securing them to the beams is to drive 
the nails diagonally through the e4ges of the boards. 
This process can, however, be applied only to one 
edge of each board, since the other is applied flrmly against the side 
of the one which preceded it ; and in order to hold the inner edge 
down, it is necessary to connect it with the outer edge of the preced- 
ing board, by means either of tongue and groove, or 
of some equivalent device. These floors are there- '' 

fore laid in narrow strips, each with 

I ^ the tongue projecting forward into 

f~* /'i — the room, and the nails are driven 

/ diagonally into the upper angle 

^'** '^^' formed by the tongue and the edge 

of the board (Fig. 169), securing this edge firmly ; and the groove 
of the next strip is forced over the tongue so secured, so as to retain 
in place its inner edge, while its outer edge, furnished with a tongue, 
is in its turn nailed. 

Parquetry work, such as we are to have in one room, is generally 
made with much more care than ordinary flooring, and requires 
special machinery, so that it is best to order it from a regular manu- 
facturer. In some sorts the pieces of hard wood are but half an inch 
thick, and are dovetailed and glued upon a backing of pine. The 
patterns are put together in the factory, and sent out in sections 



192 



BXnLDING SUPERINTENDENCE. 



some two teet square, which are nailed down like single boards. 
Simpler hard-wood floors may be made and put down hy the 
carpenter. The oak floor of our hall, in accordance with the wish 
of the owner, is put down in the French 
manner with short pieces laid at an 





Fig. 170. Fig. 171. 

angle of 45^ with the beams, and at right angles with each other. 
(Figs. 170 and 171.) 

Figure 1 70 shows the most common method, the edges of the pieces 
being matched, but the heading joints plain. In Figure 1 71 the head- 
ing joints are tongued and grooved hy hand as the pieces are laid, 
so as to fit into the matching upon the edges. We choose the 
former mode, as the least expensive, and the easiest to execute. All 
the other floors are simply laid with narrow parallel strips, 2^ inches 
wide in the best room, 4 inches in the others. 

It is of great importance that the under boarding, where a hard- 
wood upper floor is to be laid over it, should be also of narrow strips, 
not exceeding four inches at most ; if wider boards are used, each 
one of them will in shrinking gather up, so to speak, a cluster of the 
narrow hard-wood pieces above it, and draw them tightly together, 
and although the shrinkage of each hard-wood strip, if well 
seasoned, is very slight, the movement of the wider board com- 
presses all the joints over it, so as to transfer the total shrinkage to 
the joints immediately over its own edge. The adjoining wide board 
of the under flooring acts in the same way, but in the opposite 
direction, so that in a few months every board below will be ex- 
hibited by an inordinately wide separation between the hard-wood 
strips above, the other joints remaining perfectly close. 
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The stock for upper flooring will need close examination. Even 
with spruce it is necessary to see that waney pieces are not smug- 
gled in, and to look out for knots and sap, while 
hard wood is liable to other defects. Oak for floor- 'l?*^'''"* 

oXOOKa 

ing, unless under severe wear, and, indeed, for all 
kinds of finish, should always be quartered, or " rift," as some 
say — tliat is, sawed with two cuts at right-angles with each other, 
and through the centre of the log, all subsequent cuts being as 
nearly as possible on radial lines. 

As every one knows, oak is distinguished from all other woods by 
the **' sUver grain," or medullary rays, consisting of small bundles of 
fibres, which shoot out laterally from the centre of the trunk, pas- 
sing through the annual rings toward the bark. By quartering the 
.og, these fibres are divided nearly or quite in the direction of their 
course, and show on the surface of the boards as 
flecks or irregular silvery streaks, upon a ground of oak.** 
fine parallel lines, formed by the section of the annual 
rings. If, on the contrary, the log is sawed into parallel slices in 
the ordinary manner, the middle slice will exhibit the silver-grain, as 
will also one or two on each side of it. Further from the centre the 
medullary rays will be divided almost transversely, appearing on 
the cut surface as nearly imperceptible lines or dashes, while the 
section of the annual rings will grow broader and broader, showing 
itself, since the sap-tubes of oak are quite large, as a coarse, rough 
figure, completely different in appearance from the delicate and 
silky silver-grain, and liable to a dingy discoloration from the en- 
trance of dust and dirt into the exposed pores. With some varie- 
ties, oak sawed in the ordinary way often appears *< brashy," or of a 
very coarse texture, with short fibres which break away easily. 

The manner in which the log is sawn effects also its disposition to 
warp and curl, which in badly cut oak is very strong. The inner 
portions of the tree are compressed and hardened by age, so that 
there is a gradual diminution of density toward the circumference, 
which is occupied by the soft and spongy sap-wood. The less 
compact substance naturally shrinks more in drying than that which 
is nearer the interior of the log, but with boards whose surfaces 
follow the radial lines the movements caused by dryness or damp 
are all in the plane of these surfaces, and although the board 



194 BUILDIKQ SUPEBIMTENDENCE. 

varies in width, it has no tendency to irarp. Those boards, on the 
contrary, which are cut in lines parallel with the diameter of the log^ 
have one surface which looks toward the back of the tree, and the 
other toward the heart, and the fibres on one side are therefore slight- 
ly softer than on the other, and will shrink more, curling the piece 
outward with a force proportioned to its thickness. 

By keeping constantly in mind these properties of oak, which 
belong in some degree to all kinds of timber, many annoying defects 
in hard-wood finish may be avoided. Following the same principle, 
the Georgia-pine floors for the inferior rooms should be specified of 
^^ rift stock; that is, of boards cut like quartered oak, on 
radial lines. These may be recognized by the figure, 
consisting of fine parallel lines, in place of the broad mottlings pro- 
duced by a cut tangent to the annual rings. Hard-pine boards 
of the latter kind are very liable to splinter, like spruce cut in a simi- 
lar way, and must be rejected. Hard-pine boards containing large 
streaks of dark turpentine are also unfit for floors, the turpentine 
soon crumbling away. 

There are one or two points about the hard-wood finish other 
than the floors, which may be noted. Whitewood, or poplar, is not 
usually ranked among the hard woods, although it is little inferior in 
this respect to black walnut or butternut. It has the advantage over 
them of being clear, dry, and very uniform in texture. The annual 
rings are almost imperceptible, and the wood is little subject to any 
warping or checking. For large, solid piazza posts and other 
heavy out-door work, it is superior to any other material, and inside 
finish made of it is usually durable and satisfactory. It has the peculiar 
property of swelling considerably in damp weather, even when per- 
fectly se<isoned, to retreat again to its original dimensions under the 
influence of furnace-heated air; so that doors made of it should not 
be too tightly fitted. In selecting the pieces care should be taken to 
exclude those streaked with white sap. The rest of the wood dark- 
ens very much after finishing, while the sappy streaks remain white, 
and soon, by contrast, appear as disfigurements. Black sap, which 
also occurs, is not generally looked upon as objectionable, but it forms 
too strong a figure to be admitted in delicately-moulded work. 

Hard-wood doors, except those of white wood, are usually veneered 
upon a core of well-seasoned pine, to prevent warping, and it is 
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Veneered 
Doors. 



neceasarj to examine them upon delivery, to see that the veneert 

are of the proper thickness. Those which cover the 

panels may be | inch ; over the framing they should 

be specified i inch, although the final planing which 

sach doors undergo generally reduces this thickness somewhat. 

There are innumerable points about the finishing of a dwelling- 
house which, though trifiing in themselves, count for a great deal in 
the impression which the completed structure will pro- 
duce upon the owner and his friends, and the archi- msSeotione. 
tect or superintendent will do well to go thoroughly 
and repeatedly over the building during the finishing, and make 
sure that every visible detail is satisfactory before the contractor 
leaves it. 

First among the points to be examined is the hanging of the win- 
dows. The sashes vary considerably in weight, and 
unless each one is accurately balanced, which takes ""sJJJSeef ^^ 
both time and care, the sash will not stay in place. 
The sashrfasts may also be badly set, so that they will not lock, and 
nothing short of an actual trial of each sash of every 
window wUl serve to make sure that all are as they 
should be. Door locks and knobs are also very carelessly applied, 
and there are few houses where all of them work perfectly. The 
striking-plate, particularly, is apt to be set too high, or too low, or 
too far into the rebate, so that either the latch or the bolt will not 
enter the mortise intended for 
it; while the "roses," or round pyJJJJJJi,^ 
plates, screwed upon the oppo- 

Qirf '*^^ Jfci-V^ '^'® ^^^®* ^^ '^® ^^''» ^° which the stems of 
^^-'^F^^^nWi a the knobs move, are rarely placed exactly op- 
posite each other, so that the spindle, instead 
of being perpendicular to the door, is forced 
into an oblique direction, causing the knobs 
to bind and stick in turning (Fig. 172). The 
knobs, again, are generally put on without in- 
serting the proper number of the thin washers which slip over the 
spindle for the purpose of filling out the space between the lock and 
the knobs on each side, and the latter are left loose in consequence, 
eliding in and out with the touch of the hand in an annoying way. 



Sash-Paete. 




Hg. 172. 
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Many architects call in their specifications for " swivel spindles," 

with which the turning of the knob on one side of the door does 

not affect that on t^e other side: but except for 

Spindles. ^^^^ front doors which have an arrangement for 

locking the outside knob separately, the swivel is 

hardly necessary. 

Chair-rails, picture-mouldings, wooden cornices, and other finish 
of the same kind will often be applied with the utmost carelessness. 
Nothing is more common than to see such horizon- 
tal mouldings varying very much from their correct 
position, the workman having put them on by what he would have 
called ** his eye," instead of measuring at short intervals the proper 
distance from the floor or ceiling. 
The young architect or superintendent should train himself to 
quick observation of all these points. Any defects 
^Dofttcts-'^ are sure to be discovered sooner or later by the owner, 
to the discredit of the one whose business it was to 
look out for and correct them at the proper season. 

The character of the hardware about a building is also of much 
importance. The variety of patterns and qualities of locks, knobs, 
pulls, bolts, hooks, hinges, sash-fasts, and so on, is so 
great that nothing but a thorough familiarity with the 
different kinds, and a minutely detailed specification, will protect 
the architect or superintendent from being occasionally compelled to 
accept fittings which he does not like, but which the indefinite char^ 
acter of the specification precludes him from rejecting as not in 
accordance with the contract. 

The locks form a very important part of a building. Those used 
in good houses are generally mortise locks, inserted into a mortise 

cut in the edge of the door. The centre of the knob 
LockSa 

should be exactly three feet above the finished floor, 

and the mortise for the lock, in inside doors, will extend one inch 

above and three inches below this point. For outside doors, the 

mortise is generally six inches high — two inches 
'^'fK h " *^^^® *°*^ ^^^^ inches below the centre of the knob. 

In designing the doors, the panelling should be so 
laid out that the lock-mortise will come beside a panel, and not oppo- 
site a rail of the framing; as, in the latter case, the mortise will cut 
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off the tenon of the rail, weakening the door very badly. For 
want of attention to this poin^ young architects of- 
ten find that doors, in whose elegantly-proportioned ^"*"««n»«n* 
panels they take the greatest pride, have to be fitted 
with handles set either at an immoderate height from the floor, or 
ridiculously low, to avoid making them altogether unserviceable. 
This is particularly likely to be the case in copying 
doors of the last century, either out of books or from O^lonlal 
actual examples. These show invariably at the level 
of the knob a wide rail instead of a panel, but it must be remem- 
bered that mortise locks were not in use then, their place being sup- 
plied by rim locks, in which the working parts were enclosed in an 
iron or brass box, screwed to the outside of the door, a small hole 
only being bored through the door for the spindle of the knobs. Of 
course, the tenon not being in this case interfered with, there was 
no reason why the lock should not be screwed on next the rail, and 
as many of the ancient rim locks, or the latches which were substi- 
tuted for them in inferior rooms, were longer than the width of the 
*' style " at the edge of the door, it was an advantage to place it 
where it could extend back upon the framing. Occasionally, a mod- 
ern version of the Colonial doors is seen with a mortise lock set op- 
posite a very wide lock-rail ; but this must be done by framing the 
latter with two tenons, far enough apart to give room for the mortise 
between them, — an arrangement not to be recommended. 

For closet doors, a mortise latch is sometimes used, with either 
one or two knobs, but no lock or key. The case for this is only 
about 2^ inches high, but such furnishings are only 
suitable for inferior houses, a closet which cannot be ^'^^••♦•p*^®' 
locked being as inconvenient as a door with a knob on 
only one side is mean in appearance. The hand-made locks are far 
superior to those made by machinery, and also much more costly ; 
but some of the machine-made kinds serve well enough for ordinary 
purposes. Any good contractor or hardware dealer can furnish the 
names of the most reliable manufacturers, and the safest course for 
the young architect is to require a first-class make by name in his 
specifications. The manufacturers' catalogues will furnish him with 
all necessary information as to styles, and he should call for exactly 
what he wants so clearly that there may be no mistake as to his 
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intention, finally assuring himself by inspection that the contract has 
been carried out. 

Reversible locks should be chosen, unless the architect is willing 

to see a door here and there hung on the wrong side to accommodaie 

some carpenter who has selected his locks at random 

Lo^i^ ^^^ ^°^* himself short of the proper kind ; and the 

character of the keys should be specified, or he may 

find a set of locks of tolerably good appearance accompanied by 

cast-iron keys, tinned or galvanized. For the inside 

doors of ordinary bouses a mortise lock of P. & F. 

Corbin's make, for instance, with brass face and striking-plate, brass 

bolts and German silver or plated keys, does well enough. For the 

best rooms a *< fancy " face, formed by grinding the brass in curling 

forms, may be used ; or some expense may be saved by allowing the 

bolts to be of iron instead of brass. A cheaper lock still has an 

iron face, lacquered to imitate brass, but there is no real economy in 

using it. 

It is hardly necessary to say that locks for interior doors are 
usually of the simplest construction, the wards of the key merely 
fitting stationary projections inside the box, which give no security 
against opening by a skeleton key or a piece of stout wire ; but it is 
not required in such cases to provide against the operations of pro- 
fessional burglars. These locks are commonly used in sets of twelve, 
the twelve keys differing from each other, but the complete sets being 
exactly alike, so that in a house with twenty-four doors there will be 
two keys of each pattern, which may, however, be distinguished by 
a difference in the finish, one set being bronzed and the other plated, 
for instance. For outside doors, which must occasionally be left 
without the security of bolts, «* lever" or "tumbler" locks are 
needed, in which the interior construction is far more complex, and 
the security, as well as the cost, correspondingly 
greater. Many varieties of these locks are made, 
with and without night-latches, and inspection will furnish the best 
guide as to the arrangement desired. Some front-door locks are so 
arranged that the outside knob is permanently fixed, but the better 
ones are furnished with a movement by which it can be held firm, or 
released if it is desired to allow the door to be opened directly from 
the outside, without a key. Locks of either kind, of the common 
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construction, are somewhat liable to have the latch become slow in 
working, so that a sharp bang is necessary to close the door. Age 
increases this fault, which is only partially cured by oiling, and a 
more satisfactory service can be had from the patent 
locks, in which the latch is in two or three parts, one, Latches, 
which projects in front, turning on a pivot as it is 
drawn against the striking plate, and by the same motion drawing 
back the others, so that when the whole reaches its place, it slips out 
into its mortise without any friction of importance. Robinson's pat- 
ent is the lock of this kind most used, but similar ones are perhaps 
made by other parties. 

Care should be taken, if locks and knobs are procured from dif- 
ferent makers, as will generally be the case, to have the hole for the 
spindle correspond with the actual size. Most locks ^ , ^| 
can be had fitted to either f or ^ inch spindles ; and 
although ^inch is the size commonly used, there are many advan- 
tages in having the knobs mounted on f spindles, with or without 
swivels. What shall be the material of the knobs must depend upon 
circumstances. Brass, bronze, cast-iron, hard rubber, glass, porce- 
lain, celluloid, wood, and various compositions of saw- 
dust and glue, dried blood, glazed earthenware and 
other substances are used. Among these, dark bronze metal of good 
quality is the most satisfactory. The light bronze, even when good, 
is apt to tarnish in rooms not much used, and the soft, inferior 
bronze wears to a dirty yellow color which is very unpleasant. 
Moreover, there is in bronze hardware a much greater variety of 
patterns than in any other kind, and knobs, hinges, bolts, chain- 
bolts, sliding-door pulls, sash-fasts and other furnishings can be so 
selected as to match in color and general appearance throughout the 
building. There is however much difference in the execution and 
finish of the castings, and it is unsafe to trust to the drawings in the 
catalogues of unknown makers without seeing samples of the work. 

Polished brass furniture, where it is fashionable, is very costly, 
and requires continual attention to keep it bright. Silver-plated 
brass knobs soon lose their coating, and are becoming obsolete. 
Cast-iron is used for door-knobs only in a miserable imitation of 
bronze or brass. Hard rubber and celluloid make durable and 
pretty furnitnre for in-doors, but do not bear weathering welL 
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Glass is a good material, and can be had in great variety : the <^d- 
fashioned cut octagonal knobs are the handsomest, but those pressed 
in various forms are serviceable. The blown-glass knobs, silvered 
inside, are fragile unless of very good make. Porcelain and the 
vitrified materials known as '* mineral " and ** lava " with *^ hema- 
cite" and some similar substances, are used for inferior rooms. 
Knobs of wood or its imitations are somewhat liable to become 
sticky from the softening of the varnish upon them. Whatever the 
kind used, the specification should not omit to men- 
tion a bell-pull for the front door to match the design 
of the other furniture ; and should keep in ndnd also the sunk pulls 
for sliding doors, if there are any such. 

Bolts are necessary for all doors which need to be rendered toler- 
ably secure against intrusion, and afford more protection than any 
_ . lock. The neatest and most convenient are the Ives 

patent mortise bolts, which are set into a small auger- 
hole bored in the edge of the door, and show only a small key out- 
^ side. Outside doors are frequently guarded by a 

chain-bolt, consisting of a strong ornamental chain, 
attached to the frame, or one leaf of a double door, which can be 
hooked into a slotted plate on the movable part of the door, and will 
allow the door to be unlocked and opened three or. four inches, for 
conversation with a person outside, but prevents it from opening 
further until unhooked. This effectually resists the attempts of 
tramps to force their way past a servant into the house as soon as 
the door is unlocked, but as it can easily be dislodged from the out- 
side by a wire, it should be used in addition to, and not as a substi- 
tute for, the ordinary bolt. 

Sash-fasts of the ordinary kind are the least effectual of all do- 
mestic defences against the operations of burglars. By introducing 
^^^^ the blade of a knife between the upper and lower 
sashes from the outside the lever can be easily pushed 
back and the window opened, and this is in fact the common mode 
of entrance for thieves. Of late years the necessity for preventing 
the movement of the lever from the outside has become so obvious 
that several devices, more or less perfect, are now in use for the 
purpose. The earliest form, still much used, has a spring catch with 
a thumb-piece attached to the inner plate, which, as the lever is 
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swung around, is first pushed back and then springs out, holding it 
in place until it is again pushed back by the thumb. This is oqex- 
venient, and reasonably secure, but after some years' wear iht$ catch 
becomes rounded by friction, and the lever may sometimesi bo fcjrocjd 
back over it from the outside by a strong pressure. An i Eupr ore- 
men t on this is a self-locking sash-fast introduced by HopkrnftA 
Hopkins & Dickinson of New York, in which the Drck^rv sort's 
lever itself is hollow, and contains a spiral spring, **' 'Fast, 
acting upon a pin which moves within the lever and has a knob- 
shaped head projecting at the end. In locking the window ^ as mon 
as the lever is turned to its place, the interior pin springs in to i\ hulo 
made for it in the pivot, preventing any back movement until the pin 
is withdrawn by pulling on the knob. This sash-fast is etill very 
popular, but is closely followed by a simpler and stronger dariee, the 
Morris sasb-lock, in which the thumb-piece of the pnQ^ig sash- 
lever is movable, and on being turned to its place fast, 
drops down into a notch made to receive it in the circumfiirt'n(.-u of 
the plate which carries it. To open the lock from the insidi> noth- 
ing is necessary but to lift the thumb-piece from its notch and turn 
back the lever by a single motion; but to open it from the outride 
is impossible. Various styles of all sash-fasts are made, ta corre- 
spond with bronze, silvered, or the cheaper kind of metal furniture. 
Hinges form the only other article of importance in the harJware 
dealer's order. Solid bronze metal, polished brass, 
silver plate, " Boston finish," — a brown lacquer over 
iron, resembling bronze, — black japanned iron, either pktn, or with 

silver or bronze tips, and plain iron, are at the com- ^ _^ _* i .. 
^ ' ' ' Boston Plrt 1th. 

mand of the architect. If solid bronze, brass, or 

silver plate are used, only the best quality, with steel bushiri;:;^ and 

steel washers should be used ; as the softer metal wears ont rapidly 

from the movement of the door. Iron, either japanned or Host on 

finish, for hard-wood doors, with tips either of Uie same or *4 solid 

bronze or plated, and plain for doors intended to be painted, forBm 

on the whole the best material for ordinary dwelling-houst?^. Host 

houses are now fitted with *' loose-joint " butts, which 

allow the door, after opening, to be lifted off and re- buwZ ^ 

placed without unscrewing the hinge. With heavy 

doors, however, there is danger of bending the projecting pin of the 
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hinge auring this operation, and it is better to require " loose pin ** 
butts, in which the pin itself can be drawn out from 
^^ButtoT^" the top and the door removed and replaced, with as 
much ease as in the other case, and greater safety. 
Young architects occasionally forget to proportion the size o£ the 
butts to the circumstances of their door-frames and architraves, and 
find, too late, that the doors of their best rooms can- 
^'roquiroSr* ^^^ ^ swung back to the wall. Where the openings 
are finished with unusually thick mouldings, Grothic 
beads, or pilasters, the proper way is to make a horizontal section 
of the door, with its frame and finish, including bases or plinth 
blocks, and capitals, if there are any ; then add the extreme projec- 
tion of the'trim from the plane of the door, to twice the thickness of 
the door, and deduct half an inch from the sum ; the remainder will 
be the minimum width of butt which will hang the door securely 
and throw it clear of the mouldings. If the result does not corre- 
spond with a regular size of hinge, the nearest size larger should be 
specified. Butts are made of several widths to the same height, as 
4" X 4", 4" X 4^", 4'' X 5'', 4" x 6", and so on ; the dimensions being 
those of the hinge when opened flat. 

For the remaining small items, as coat-hooks, drawer-pulls, and the 
like, all that is necessary is to describe clearly in the specification 
what is wanted. In certain cases drawer-pulls must 
be of fancy styles, but for closets japanned iron is 
much the best material, and the simpler and smoother the pattern 
the better. Architects and builders often go to a small unnecessary 
expense in putting fancy cast-bronze or Boston finished pulls on 
their cases of drawers, which serve only to bruise and excoriate 
the fingers of those who handle them ; and fit up rows of roughly- 
finished bronze metal hooks, whose edges quickly cut the material 
of clothes suspended from them, while the artistic knobs and curves 
with which they are adorned always prevent them from being as ser- 
viceable as the plain, strong triple hook of japanned cast-iron. 

It is important that the young architect should inform himself as 
to the character and comparative cost of the various kinds of me- 

... ^ , tallic house-furnishins^s, and describe distinctly what 
Plilns Prions. , . , .- . ., . . 

he requires in the specification, without resorting to 

the slovenly practice of specifying that the different articles shall 
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eo8t a certain sum per dozen, or per set, or per gross. The actual 

expense of such goods to the contractor is a very different thing 

from the cost as set down in the price-lists, and to specify articles of 

a given price, instead of a given kind, is usually to oblige the owner 

to pay -A Isirge profit on goods which he might have obtained for the 

net value if they had been distinctly described. 

If the architect has been wise enough to demand specific articles 

of hardware from manufacturers of good reputation, the duty of the 

niperintendent will require little more of him than 

to see that the order is correctly filled, and that ■"•P^>on <>' 
. ^ . , -r*. , 1 Hardware* 

the fittings are properly put on. If, however, the 

specification is one of the kind that vaguely stipulates that such 
materials shall be " good," or " neat," or ** worth two dollars per 
dozen," he must prepare himself for a rigid inspection of the goods 
furnished in accordance with it. The bronze hardware of all kinds 
may prove to be of soft yellow metal, with a thin bronze finish over 
it, or even of iron skilfully lacquered or bronzed ; the brass faces of 
locks and bolts may be -fictitious, consisting of iron, varnished with 
jellow lacquer, or brass-plated ; the silvered-glass knobs may be of 
a substance so thin, or so carelessly blown, as to crush in an incau- 
tious hand, infiicting frightful wounds ; or any kind may be so feebly 
secured to the metal shank as to come off altogether upon occasion ; 
or the hinges may be destitute of washers, and will soon creak pain- 
fully. The cases of cheap mortise locks are often made, to economize 
material, so short as to bring the knob within an inch of the edge 
of the door, so that the hand is scraped against the rebate of the 
frame whenever the door is shut ; or sometimes the width as well as 
the length of the case is reduced, and the knuckles come into painful 
contact with the key on turning the knob *, while occasionally a lock 
is seen which allows the door to be opened by turning the knob one 
way only, instead of both ways. The screws furnished for putting 
on cheap hardware are also generally too small, so that the fixtures 
»re insecurely fastened ; and the worst workmen will increase this 
fault by their fashion of applying them, which consists in driving 
t i screw nearly home with a heavy blow of the hammer, finishing 
^ b a turn or two of the screw-driver. Such men also generally 
I w an exasperating indifference to the appearance of their own 
^ Hher's work, putting on bronze metal or japanned fittings with 
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plain iron screws, instead of blued iron or bronze, and using them of 
different sizes, or several sizes too large, if necessary to save them- 
selves the trouble of going after suitable ones; screwing hinges, 
bolts, or plates at random on veneered doors, and if they fail to fit, 
removing them and screwing them on again somewhere else, leaving 
two or three sets of screw-holes yawning in the polished surface of 
the wood, or in a hundred other stupid and blundering ways defac- 
ing the building which they help, after their fashion, to complete. 
Continual vigilance is needed to discover and correct such faults, 
and the superintendent of a house which on delivery to its owner 
proves to have all its hardware perfect, well put on, and in good 
working order, has at least some qualities which particularly fit him 
for his profession. 

While the joiners' work is going on inside the house, the opera- 
tions of drainage, grading and sodding outside should be com- 
pleted, so that the dust incident to them may be laid 
"^'orodfni"*' before the final painting. 

Unless, as will rarely be the case in the country, 
drainage by regular sewers is provided, the first of the outside oper- 
ations should be the selection of a site for, and the construction of, a 
cesspool of some kind. Usually the position of this is 
marked approximately on the plans, or indicated in 
the specification, which is necessary in order to lay out the plumb- 
ing intelligently; but circumstances will often modify greatly the 
character of the construction as executed. For most houses, the 
ancient leaching cesspool or "dry well" is still adopted, as the 
cheapest means for disposing of house-wastes, but the architect 
should examine all the conditions with great care before lending his 
authority to this expedient. If the house is supplied with water 
from a town or city service, or from springs higher than the build- 
ing and at a considerable distance, and if the lot on which it stands 
is so large that the inevitable poisoning of the ground by the soak- 
age of putrefying filth will not affect its inmates or their neighbors, 
the leaching cesspool may be regarded, in view of the 
tiorTo? WeUs. g^*^*^^ cost and trouble of other devices, as an evil to 
be tolerated so long as the favorable circumstances con- 
tinue. If, however, water is to be drawn for use, either in the house 
or stable of the proprietor or his neighbors, from any well within 
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three hundred feet of the proposed cesspool, and on the same or a 
lower level, the architect should ref ase his sanction to any plan what- 
ever for discharging sewage into the subsoil. 

In rocky districts, and in places where deep wells are necessary, 
a much greater distance should intervene between them and any 
porous cesspools. 

It is positively proved that the typhoid poison contained in refuse 
thrown upon the ground on a rocky hillside, and washed by the 
rain into some hidden seam or depression in the ledge beneath the 
surface, has been carried down with its qualities unchanged, to in 
feet with very fatal effect a spring, apparently of the purest water, 
a mile beyond ; and it may generally be assumed that with such a 
subsoil the crevices through which the liquid escapes from a leaching 
cesspool are, if not the same, at least in communication more or less 
direct with the seams which, ramifying in all directions, serve to con- 
vey water to the wells of the neighborhood. If, again, a well in a 
porous, gravelly soil is very deep, the extent of the area from which 
it draws its supply is enormously increased. The pumping out of 
the excavation in gravelly and clayey soil for a dry-dock near Lon- 
don drained wells at a distance of much more than a mile. After 
the pumping was discontinued, the wells gradually filled to their nor- 
mal level, showing that the water was drawn from them to the exca- 
vation during the pumping, and that if they had contained foul 
liquids instead of clear wator, and the excavation had been a well 
instead of a dry-dock basin, the sewage would, even from that dis- 
tance, have ultimately reached it. 

Supposing that all danger of contamination to the drinking water 
of the house is averted, by the introduction of water either from a 
pablic service, or from a spring or well whose bottom 
is considerably higher than the proposed cesspool ; this oi^'^ooliL 
may be excavated of a circular form, in diameter from 
eight to twelve feet, and of the depth requisite to reach an absorbent 
stratum, the sides lined with a dry wall of stone or brick, and the 
top drawn over in the form of a rude dome, leaving a man-hole about 
twenty inches in diameter at the top, which should be covered with 
a flat stone. Wooden covers soon rot, forming a dangerous trap. 
The usual way is to &x the height of the masonry so that the top of 
the cover shall come about four inches beneath the sod, which may be 
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either carried over it, concealing it entirely, or turned down neatly 
around the edges of the stone. 

In sandy or gravelly soils such a cesspool will dispose of the waste 
liquids of a house for a long time, but in the course of years the 
earth around it becomes coated with the fatty deposit from the sew- 
age, and a new cesspool must be dug. Where the sand or gravel is 
very fine, or mixed with clay, the stoppage of its pores takes place 
quickly, and as years pass by a continually increasing chain of cess- 
pools, each connected with the previous one by an overflow-pipe, 
serves to saturate the ground around the house with putrefaction, 
and the air with malaria. In very clayey soils no leaching whatever 
takes place, and the cesspool fills up like a tight cistern, a few days' 
use, with one of ordinary size, causing it to overflow. Such ground 
often, however, contains strata of porous gravel or sand, and if the 
excavation can be carried to one of these seams, the cesspool may 
answer well enough ; but if not, and no more favorable spot can be 
found, a different mode of disposal must be adopted. 

The simplest, though not the least troublesome, way of surmount- 
ing the difficulty is to drill a hole through the cover of the cesspool, 
and set over it an ordinary pump, by which the liquid 
Tight may be pumped out at intervals of days or weeks, ac- 
cording to the capacity of the reservoir, and spread 
upon the grass, or utilized in the garden. A small tank on wheels, 
which can be filled at the pump and conveyed quickly to the point 
where the fertilizing fluid is to be applied, is much used for this par- 
pose. The operation is not offensive, or only very slightly so, since 
the sewage does not remain in the cesspool long enough for putrefac- 
tion to take place, and the results are excellent, but the necossar)' 
attention cannot always be given to it, and a neglect which migbt 
cause the backing up of the sewage in the drains, to overflow into 
the cellar of the house, would be a serious matter. To avoid this, it 
is customary to provide an overflow, through which the liquid can 
upon occasion escape over the surface of the ground, where although 
a continued flow would be offensive, its presence is less objectionable 
than in the house. 

A more automatic arrangement, which has been gaining rapidly 
in favor of late years, consists in substituting for the surface overflow, 
to be used only in case of temporary need, a permanent outlet, formed 
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bj a series of open-jointed pipes, laid a few inches beneath the sur- 
face of the ground, where the liquid exuding from be- 
tween them will be absorbed, partly by the porous loam ^^^lonT*' 
which always forms the upper stratum, and partly by 
the roots of the grass or other vegetation growing upon the sur- 
face. If properly arranged, this S}''stem is very satisfactory, not only 
disposing of the house-waste as completely, and with as little atten- 
tion, as the ordinary leaching cesspool, but accomplishing this in 
soils where a leaching cesspool could not be made, and what is o^ 
e?en more importance, performing its work for an indefinite period 
without causing any contamination of the ground, the actively oxi- 
dizing property of the air contained in the pores of the top soil 
serving to destroy with certainty the last traces of organic impurity 
in the liquid, which if discharged into the ground a few feet be- 
low, beyond the reach of atmospheric changes, would retain its foul- 
ness for months, if not for years. 




An efficient system of subsoil irrigation must consist of two parts : 
the tight cesspool or tank where the waste matters from the house 
are retained until they dissolve into a thin, milky liquid, and the net- 
work of pipes which receives the sewage from the reservoir, and dis- 
ipates it into the ground. The tight cesspool should be constructed 
i shown in section in Figure 173, of hard brick, laid in cement, 
rcular in plan, about 5 feet in diameter, and 5 feet deep from 
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the mouth of the outlet The walls should he 8 inches thick in most 
Koils. The bottom may be 4 inches thick, and the top should be 
coTered with a 4-inch dome, with a man-hole 18 or 20 inches in diam- 
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eter, and a flagstone cover. 
Whether the cover shall be 
tight, or be provided with 



M/ / /.^'\^' 
v// / / 

I / , / / / a vent hole and grating, depends upon the 
!' ' / / / arrangement of the drain-pipes. Ifa8epa^ 

' f ^ ate " foot ventilation " is provided for the 

main drain near the house, it is best to keep 
the cesspool closed ; but unless fresh air is supplied 
at the foot of the soil-pipe by a special inlet, a cir- 
culation should be insured by omitting all traps in 
the drain, and providing a grated opening in the 
cesspool cover. If, as should always be the case, the 
soil-pipe extends through the roof of the house, do 
annoyance will be caused by this opening into the 
cesspool, as the draught will be inward at that point. 
The inlet pipe forming the extremity of the main 
drain should enter the cesspool just above the water 
line. The outlet pipe should have a quarter4)end 
cemented in before setting in place, as shown in the figure. The 
mouth of the bend, turned downward, then protects the outlet from 
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the Bcum which floats at the surface of the liquid, and would soon 
choke the irrigation pipes. 

The outlet pipe, after leaving the cesspool, should be laid with a 
very gentle but perfectly uniform pitch, with branches as indicated 
in Figure 1 74. 

The best mode is to make it of vitrified pipe, laid with the *^ hubs ** 
pointing dawnwardf instead of upward in the usual way, and having 
a Y inserted between every two lengths of straight 
pipe. All the joints should be made tight and smooth "*' pfJI^JJ.*'"' 
with cement, and into the lateral branch of every Y 
should be cemented a piece of agricultural tile drain. The vitrified 
pipe forming the main carrier may be 4 inches, in diameter, and the 
agricultural tile should be 2-inch ; the Y's forming the connection be- 
ing of the kind called 2 x 4-inch. £ach lateral branch should then 
be continued by a line of. agricultural tiles of the requisite length. 
If the slope of the lot permits, the outlet pipe should leave the cess- 
pool at least two feet below the surface of the ground, running how- 
ever in such directions as to bring it, before it begins to ramify, about 
twelve inches below the sod ; and the same or a less distance below 
the sod should be maintained throughout the system of branches. 
All the pipes must also be graded to a uniform fall of not more than 
one inch in twenty-five feet, and to fulfil these two requirements it 
will generally be necessary to lay all the lines in curves, determined 
by the irregularities of the surface, and following very nearly a se- 
ries of contour lines of the ground. 

The tiles forming the lateral branches should be laid ^ inch apart, 
a bit of paper put over the joint, to prevent earth from sifting in, 
and the trenches then filled. Either round or sole tile may be used, 
but sole tile are preferable. If round tiles are employed, they should 
be laid without collars, and pebbles put on each side to keep them 
from rolling out of place. 

The end of the main line of vitrified pipe should not be closed, 
bat a reducer should be inserted, and the line continued with open- 
jointed tiles, in the same way as the lateral branches. The princi- 
pal object to be kept in view is the avoidance of any check to the con- 
tinuous flow of the sewage until it issues from the intersticei of the 
drain tiles, to be absorbed and oxidized in the soil. If any such 
check is offered by the displacement of a pipe, a sudden dip in a 
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line, or an abrupt change in direction, the liquid will throw down at 
that point a copious black sediment, choking the pipe in a few weeks, 
or, if the main line is closed at the end, filling it like a pocket, and 
successively cutting off the lateral branches. With the greatest care 
some stoppages will take place, and it is wise to provide enough 
lateral pipe to dispose of any possible flow, with a large margin for 
contingencies. For an ordinary dwelling-house, inhabited by a 
family of five or six persons, five hundred feet of lateral outlet pipe 
is the best rule, and the quantity must be increased for a larger 
household. The character of the subsoil, whether clayey or sandy, 
makes with this system very little difference, the exudation being 
absorbed almost wholly by the surface loam, which is always porous 
enough to take up a certain quantity of liquid. 

On account, probably, of the chemical action of the air by which 
yhe upper soil is permeated, the sewage distributed through it leaves 
no trace of itself. Unlike the earth around a deep cesspool, which 
when uncovered discloses a foul saturation, the soil surrounding irri- 
gation pipes shows after years of service no trace whatever of the 
organic matter which has passed through it, and if the pipes are 
carefully laid, either on hard ground, on strips of board, or in the 
earthenware channel pieces made for the purpose, so as to avoid de- 
pressions which may collect sediment, the}' will work perfectly for an 
indefinite period in any kind of soil. 

The disposition of the surface-water about the house is a matter 
only second in importance to that of drainage. The main point to 
be kept in mind is that the ground should everywhere slope at a very 
sensible pitch away from the building, so as to throw 
rain-water far enough away from the walls to insure 
its absorption by the soil, or its harmless removal by surface channels. 
If at any point the ground should be allowed to pitch toward the 
house, the water of spring rains will be directed against the walls, and 
sinking through the soft earth which fills the trenches outside of the 
masonry will make holes or " gullies '' close to the building. If the 
walls are well drained in the manner previously described the water 
may pass away without finding an entrance into the cellar, but the 
stone-work will be soaked, and the loose soil carried down by the tor- 
rent is liable to be washed into the drain below, so as to choke it and 
render it useless. This point is generally understood among ecuntry 
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contractors, but it is likely to be neglected in practice when the proper 
grading happens to be inconTcnient, particularly under piazzas and 
porches, where deep holes are often left, to collect the streams of 
water which soak through from the outside, and direct them against 
the building. 

The lines indicating the surface of the soil as it is intended to be 
when the work is done should be marked upon the underpinning, 
bearing in mind that where the ground is to be grassed over two 
lines will be needed, one showing the grade of the gravel or ordinary 
earth, and the other that of the loam which must be placed above it 
to support the proposed vegetation. Where loam enough is at hand 
it should be spread two feet deep. This will afford a strong, thick 
growth of grass from seed in a single season. In ordinary cases, 
however, it is necessary to be contented with a foot or so : less than 
this cannot be depended upon to produce or sustain a uniform sod. 
With the usual contracts, where the subsoil is sandy or gravelly, the 
spreading of the excavated material at a proper grade around the 
walls, placing the loam on top, with the formation of a gravelled 
pathway to the doors out of the subsoil material, will constitute all 
the work to be expected of the contractor ; and it will remain for 
the owner or his gardener to smooth the surface of the loam with a 
rake, lay a line of sods at the edges of the paths, and sow the rest 
evenly with *^ lawn seed," and then drag a bunch of twigs or a tree- 
branch lightly over it, and leave the rest to nature. Where a bank 
or terrace forms part of the plan it should be sodded all over; other- 
wise it will need to be repaired after every heavy rain. Sods should 
be laid in abed well soaked with water and kept moist for some days. 

It will often be found difficult on sloping ground to keep paths and 
drive-ways from washing away in severe storms, and even edging them 
with paved gutters does not always keep their surface in place. 
Sach effects are usually due much more to the working in of water at 
the sides of the path; under the surface, than to the direct action of 
the rain, which would have little power to disturb the gravel unless 
previously loosened by the lateral infiltration of water ; and the best 
remedy is to intercept such infiltrations from the sides, and at the 
same time drain the subsoil of the path, by means of trenches filled 
with stones on each side. The trenches are best made narrow, but 
deep : sixteen or eighteen inches of breadth by two feet of depth. 
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Wliere pebbles of suitable size are plenty a narrow path maj be 
completely filled in with stone to within six inches of the silrface, 
which gives good results at considerable expense. Driveways on 
▼ery costly estates are occasionally built with a layer of broken stone 
one or two feet deep ; or sometimes a single <* French drain " is run 
through the middle. The latter plan costs nearly as much as that of 
two lateral drains, and is far less effective. It is impossible to take 
too much pains in the laying out of avenues and paths, and they 
should be marked through their whole extent with small stakes on 
each side, three or four feet apart, so as to judge of the effect from 
all points before work upon them is begun. 

When the dust incidental to those operations has subsided, the 
painting of the exterior may safely be completed. The first coat 

has, or should have been, put on as soon as possible 
Outside after the setting of the wood-work in place, to prevent 

it from warping or "checking" by exposure to the 
sun, and will now be perfectly dry. The next step will be to fill up 
all nail-holes and crevices with putty, and for this purpose the heads 
of all the nails used for securing the exterior finish, including clap- 
boards, must previously have been " set in " to a depth of ^ of an 
inch or more. Then, beginning with the roof, the house is to be 
painted downward, so that the portions already finished may not be 
disfigured by spatterings of a different color from above. With the 
mineral reds generally used for roofs some of the color is apt to 
wash down with every rain for two or three weeks after it is put on, 
BO that it is advisable to have this portion completed and dried as 
long as possible before painting the walls. The colors will generally 
be chosen by the architect, whose experience m suun matters will 
save him at least from the glaring blunders which amateurs are liable 

to make ; and the general rule is that the smaller the 
Choice of building the lighter its color should be. Tints of green, 

yellowish, brownish or grayish are by far the most pop- 
ular, and with reason, since the blending of such colors with those 
of the surrounding vegetation serves to connect the building with the 
ground and take away the fragile, portable look which all buildings 
exhibit whose color contrasts sharply with that of neighboring ob- 
jects. In rocky districts the gray of the ledges might also be sug- 
gested in some portions of the building with excellent results. 
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WfaBre the structure is disproportionately high it is advantageous to 
make a decided difference in the color of the paint between the first 
and second stories, bearing in mind that when two different colors are 
placed side bj side they must be of very different shades, one being 
light and one dark : never both of the same or anything approaching 
the same depth. The first story may be a dark bronze green and 
the second a raw-sienna yellow, with very good effect, and a house so 
painted will seem much lower and more home-like than if only a 
slight variation or none at all were made in the tint of different par- 
tions. Where the proportions of the building are such that any ap- 
parent lowering would injure it, two slightly different shades of the 
iame color may be used, or the whole painted of one uniform tint. 
The casings, comer-boards and blinds are usually painted of a darker 
shade than the rest of the house, the blinds being sometimes the dark- 
est of all, and sometimes of an intermediate tint between that of the 
"trimmings " and the plain wall ; but the architect will be able to 
judge in each particular case what treatment will most enhance the 
effect of the design. 

In the durability of the various pigments used in house-painting 
there is less difference than is generally supposed. All colors fade 
■omewhat, and as the darker colors, such as olive and sage green, 
show the effect of fading more plainly than the old-fashioned paints, 
buffs and light grays, they are generally thought to change more. 
The best method of preserving the fresh look of an olive or bronze 
green is to put it on over a first coat of red : white lead strongly 
colored with Venetian red, or with Indian red and yellow ochre, will 
do very well. The green covers it perfectly, taking only a trans- 
parent, mellow tone, which is very pleasant, and remains long after 
two coats of green would have faded to a brownish shade. The 
most fugitive of ordinary colors for exteriors is vermillion, which 
soon changes, unless under very favorable conditions, either to a 
black or white. Yellows bleach out by exposure, and browns acquire 
an ashy shade, although they are perhaps the most permanent of all 
ordinary pigments. Mineral reds for roofs soon blacken. 

The supervision of the painting work is not so difficult as the ex- 
amination of the materials used. It is hardly neces- _ 

,, vupenrision* 

•ary to say that whatever may be the composition of the 

•econd coat, the first coat should always contain a large proportion 
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of white lead ; not that it is desirable to modifj the color by the ad- 
mixture, but because white lead clings to the wood with far more 
tenacity than any other pigment, and retains with it not only the 
other colors which are added to it, but also a second coat of less 
adherent materials. The best lead will keep its hold long after the 
oil with which it was mixed has been washed away, forming the 
" chalky " surface so familiar to us on old buildings, while zinc and 
other inferior paints blister and leave the wood bare. Something 
may be learned of the character of the paint by observing its be- 
havior in the pot and under the brush, and still more by seeing it 
mixed, and observing the names on the cans or kegs from which it 
is taken. The oil is very likely to be of inferior quality, immense 
amounts of fish oil being employed to adulterate the linseed oil sold 
for painters' use. Fish oil dries slowly, never acquiring the hard- 
ness <and resistance to adverse influences of pure linseed oil, so that 
the adulterated oil should be avoided, except for painting tin roofs, 
where its softness has some advantage in enabling the paint to yield 
to the expansion and contraction of the metal without cracking. The 
patent mixed or " chemical " paints are convenient, and of carefully 
selected shades, and are said to last well away from the sea-coast ; 
but for buildings exposed to salt breezes from the ocean most archi- 
tects prefer colors prepared in the usual way. Oil paints of any 
kind, after long standing, become " fat " and work less evenly under 
the brush, so that a fresh mixture of good materials is perhaps 
always to be preferred. 

The paint should be put on by strokes parallel with the grain of 
the wood, and long, smooth pieces, such as window and door casings, 
should be finished by drawing the brush carefully along the whole 
length, so that there may be no break in the lines. No work should 
be started in the morning which cannot be finished before night ; for 
instance, if one side of the house is begun, it should be completed, 
il not to the bottom, at least down to some important belt or other 
division line : otherwise the junction of the portions executed at dif- 
ferent times will show as an ugly streak. 

Where a building is much exposed to the weather, three coats of 
paint will not be too much to preserve it ; but it is usually better to 
include only two coats — the priming coat and one other, in the con- 
tract. In this way the work will bo better done, as there is less 
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opportunity to cover up deficiencies, and the paint is less liable to 
blister than where three coats are applied at once. After two or 
three seasons' wear, a third coat may be put on and will stay in 
place. 

It is becoming common to stain or varnish the exterior of wooden 
buildings instead of painting them. In the shingled Swiss houses 
the stone basement is frequently painted in two colors, while the 
wood- work above is always left in its natural condi- 
tion, to turn gray by the action of the atmosphere, JSUJi^lJiT 
and a similar treatment for picturesque buildings, par- 
ticularly in rocky situations, often has a charming effect. Under 
other circumstances, where a greater variety of color is desirable, 
stains serve to change the tints of the different portions without de- 
stroying the transparent richness due to the varied grain of the wood. 
Linseed oil alone is occasionally used as a dressing, but although 
the effect is good for a time, the wood soon mildews and becomes 
black. Oil of creosote, which can be obtained at a low price from 
any gas-works, gives a blackish stain at once. Linseed oil mixed with 
umber, raw or burnt, Vandyke brown, sienna, or other colors, is 
sometimes used for a stain, and the surface then protected with wax 
or varnish. By applying these pigments, selected as pure in quality 
as possible, until the desired shade is obtained, and finishing with 
two coats of wax dissolved in hot linseed oil, a lasting surface of a 
pleasant texture is produced. Pellucidite, or other good water-proof 
▼arnish, answers the same purpose as the wax, and the varnish alone 
is sometimes used. 

The last rpart of the outside painting is the ** drawing " of the 
window-sashes. It is essential that these should be securely pro- 
tected against the absorption of moisture, and at least three coats 
must be applied, of red, yellow, black, bronze green, white or other 
color, as may be preferred. 

For inside work the same materials are used as for the outsidey 
but it is even more necessary that they should be of the best qual- 
ity. Fish oil, for instance, which will soften on damp 
days, is very unsuitable for inside use. The puttying work? 
should be done with great care to avoid unsightly 
spots, and one coat of oil or paint must be put on before puttying, 
to prevent the patty from shrinking and falling out through the 
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absorption of the oi] from it by the dry wood. In very cheap 
houses, finished in hard wood or pine of the natural color, two coats 
of oil often complete the work, and this application answers well 
enough if a polish is not desired. Where, however, a shining sur- 
face is intended, one coat of oil only should be put on to bring ont 
the grain of the wood, followed by a '< filling " of patent paste com- 
position, white wax, chalk, oil mixed with pigments of some kind, or 
with wood-dust, and finished with shellac, pellucidite, or some other 
varnish, or a wax polish. Of these, shellac, if simply put on in one 
or two coats, without rubbing down, forms the cheapest and poorest 
dressing. If, on the contrary, it is put on in three or four coats, 
rubbed down with emery-cloths dipped in oil after each coat, it 
forms the most expensive, and the best of all applications. The 
patent varnishes, of which there are many kinds, are easily applied, 
and give, with two coats, a good finish. The hard wax polish gives 
a beautiful surface, which may be renewed, wholly or in part, at any 
time. 

Where a painted finish is intended, the principal point to be 
observed is the thorough covering with shellac, before priming of 
knots and pitchy places, which will otherwise discolor the paint over 
them. 

Bad knots cannot be " killed ^ even by this application, and sooald 
be cut out, and a piece of sound wood set in their place. The most 
annoying stains come from the minute dots of pitch which often 
speckle the entire surface of a pine board, but escape notice until 
after the painting is completed, when 'each one manifests itself by a 
yellow stain. Some architects, to make sure of complete protection, 
specify that the whole of the pine finish shall receive one or two 
coats of shellac before priming. 

Zinc is much used for interior work instead of white lead, and is 
preferred by some on account of its freedom from the tendency of 
lead to turn yellow in rooms which are not well lighted. The char- 
acter to be given to the surface varies with circumstances and 
fashion. Usually, a dead or ^* flattened " finish is preferred, and is 
obtained by mixing the final coat of paint with pure spirits of tur- 
pentine instead of oil. Where the paint is exposed to the contact 
of clothes or fingers, an '< oil finish," containing little or no turpen- 
tine, is employed, and gives a somewhat glossy surface which can be 
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washed readily. For hotel rooms and other places liable to much 
wear, a " china gloss/' made by mixing the paint with varnishy is 
often specified for the last coat, or the whole is varnished after com- 
pletion. Whatever the style of finish, the manipulation should be 
careful and neat. Every coat of paint except the last should be 
sand-papered to a smooth surface, and in each coat the brush-marks 
should be so drawn as to follow the lines of the wood-work, without 
joinings. 

If fresco color is used, the most experienced workmen only should 
be employed to apply it. So much depends upon the 
consistency of the size, the mode of putting on the 
color, and other circumstances, that an unaccustomed hand is almost 
sore to fail. 

E[ard-wood floors are not easily finished in a perfectly durable 
and satisfactory manner. The soft, elastic varnishes which answer 
for the doors and standing finish are, although some- 
times employed, unfit for floors, while the hard spirit oora- 
vamishes, though more durable, will ultimately wear away in certain 
portions of the floor, leaving the pores of the wood exposed to dirt, 
which quickly fills them, and after this nothing but replaning and re- 
varnishing will restore them. For this reason, the ancient wax polish, 
although more troublesome, is perhaps to be preferred. The wax 
fills the pores of the wood so that, although the surface may be worn 
away, dust will not enter so long as any wax remains, and by periodL 
cal waxing and repolishing the floor may be kept clean and shining 
until absolutely worn out. An advantageous substitute for the ordi- 
nary wax, which is so sticky as to need frequent polishing to keep it 
bright, is made by mixing it with more or less- hard paraffine. Such 
a compound is sometimes sold for use in dancing-halls in blocks, which 
are scraped, and the resulting powder scattered over the floor and 
rubbed into the wood by the feet of the dancers ; but the best varie- 
ties are softened with turpentine to a paste, which is sold in cans, 
and needs only to be applied evenly over tlie floor, and after a few 
hours' drying polished with cloths, or with weighted brushes, made 
for the purpose and dragged to and fro over the room. The same 
brushes are used to brighten the surface when it becomes dull, and 
any worn spots can be brought back to an equal polish with the rest 
by a new application of the wax. 
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The glazing is usually done by the painter, who sends the sashes 
to the building with the glass all set, and the superintendent will have 
little to do except to see that the glass is of the speci- 
fied quality, and that all the work is left whole and 
clean. The difference between first and second quality sheet-glass 
must be learned by observation, and in judging of the glass in a 
building it must be remembered that it is much easier to obtain small 
lights free from defects or uneven places than large ones ; and that 
double-thick glass, such as should be specified for all lights larger 
than about 16'' x SO'' unless plate-glass is used, shows any uneven- 
ness of surface more plainly than the thinner sheets. 

This last item having been examined, the young architect's duties 
of supervision will be ended ; and it will only remain to review the 
notes which he ought to have made during the progress of the build- 
ing, in order to fix in his mind more clearly the observations con- 
tained in them, and thereby prepare himself to carry out his next 
commission with still greater satisfaction to himself and his client 
More particularly for the information of persons intending to build, 
an actual set of specifications for a country house of moderate cost, 
together with contracts for the same, will follow. 
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CHAPTER m. 

Bpbcifications of Labob and Materials fob Dwelling-House to be 
BUILT ON Faibfibld Stbeet, Melbosb, N. T., fob Jaues Johnson, 
Esq., fbom- the Plans and undeb the Supebintendencb of Mb. 
Edwabd Tybo, Abchitect, 13 Rialto Stbbet, Albany, N. Y. 

GENERAL CONDITIONS. 

Each contractor is to provide all materials and labor necessary 
for the complete and substantial execution of everything described, 
shown, or reasonably implied in the drawings and specifications for 
his part of the work, including all transportation, scaffolding, appar 
ratas and utensils requisite for the same ; all materials to be the best 
of their respective kinds, and all workmanship to be of the best 
quality. 

£ach contractor is to set out his own work correctly and is to give 
it bis personal superintendence, keeping also a competent fore- 
man constantly on the ground, and no contractor is to sublet the 
whole or any part of his work without the written consent of the 
owner. The architect or his authorized representative is to have at 
all times access to the work, which is to be entirely under his control, 
and may by written notice require any contractor to dismiss forthwith 
such workmen as he deems incompetent or careless, and may also re- 
quire any contractor to remove from the premises such of his mate- 
rials or work as in his opinion are not in accordance with the speci- 
fication, and to substitute without delay satisfactory work and mate- 
rials, the expense of doing so and of making good other work dis- 
turbed by the change to be borne by the said contractor ; and each 
contractor is also at his own cost to amend and make good any de- 
fects, settlemenlfl, shrinkage or other faults in his work arising from 
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defective or improper materials or workmanship which may appear 
within twelve months after the completion of the building, and is to 
clear away from time to time the dirt and rubbish resulting from his 
operations, and cover and protect his work and materials from all 
damage during the progress of the building, and deliver the whole 
clean and in perfect condition. All work and materials are to com- 
ply in every respect with the building laws, city or town regula- 
tions and the directions of the Inspector of Buildings, and such 
building laws, regulations and directions are to be considered as a 
part of this specification and the- contract to which it relates. Each 
contractor is to give to the proper authorities all requisite notices re- 
lating to work in his charge, obtain official permits and licenses for 
temporary obstructions, and pay all proper fees for the same and for 
use of water for building, and entrance into sewers or drains, and is 
to be solely answerable for all damage, injury or delay caused to 
other con tr .actors, to neighboring premises or to the persons or prop- 
erty of the public, by himself or his men, or through any operations 
under his charge, whether in contract or extra work. 

The contractor for the mason-work is to have charge of the prem- 
ises subject only to the right of other contractors, the owner and the 
architect or his representative to have free access thereto, until the 
[siil] is on, and is to provide and maintain all requisite guards, lights, 
temporary sidewalks and fences during that time ; afterwards the 
contractor for the carpenter-work is to take charge in the same way 
until the whole is completed. 

Each contractor is to carry on his work at all times with the 
greatest reasonable rapidity, under the direction and to the satisfac- 
tion of the architect. The several portions are to be completed on 
or before the following dates : 



Foundation to be ready for slIL November 1, 1883. 

House to be entirely enclosed. December 1, 1883. 

Chimneys and piers to be finished " 7, 1883. 

Back plastering " 10,1883. 

Outride finish completed and interior ready for 

plastering January 20, 1884. 

Plastering completed February 10, 1884. 

Interior wood-work done April 1, 1884. 

Painters' work completed « " 15, 18^, 
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MASON. 

EXCAVATION, ETC. 

Set proper batter-boards and mark out the bnilding accurately 
ander the direction of the architect. Battar-boards. 

Take off the sod and loam from site of house and 
for eight feet additional in width all around. Excavate the cellar 
to a depth of five feet below the highest part of the ground covered 
by the building, making the excavation eight inches 
wider all around than the outside of foundation-walls ; 
excavate trenches for all walls two feet below cellar bottom, and for 
footings of piers and chimneys eight inches below cellar bottom ; ex- 
cavate for posts and piers of porches and piazzas four feet below 
present surface ; excavate trench four feet deep and [one hundred'] 
feet long for drain-pipe, and excavate cesspool eight feet in diame- 
ter and twelve feet deep. Excavate for dry well to each rain-water 
leader where directed, eight feet from the house and five feet deep, 
and for trench four feet deep from each dry well to house. 

[areas, cisterns, etc.] 

Separate the loam and stack by itself where directed, and dump 
the other earth from the excavations wherever directed within two 
hundred feet of the building. Clear away and remove all rubbish 
entirely from the premises at the completion of the 
building. Kefill dry wells and around cellar-walls with ^yJI,^J'*' 
small stones or gravel. Refill with ordinary earth 
around cesspools, posts, piers, and pipes. Ram thoroughly or pud- 
dle with water all filling material every foot in height ; spread and 
grade neatly the remainder of the material from the excavation as 
directed, forming gravel-walks and drive-ways neatly, and elsewhere 
spreading the loam evenly on top, sowing in the best manner with 
blue-grass seed and rolling, and finishing with two feet in width of 
the best sods on each side of gravel-walks and drive-ways, and three 
feet in width around house and piazzas, all to be done in the best 
manner, properly cared for, watered and kept in order until the 
faonse is delivered. 

If any blasting should be necessary for making the excavations 
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above specified [seven] cents per cubic foot will be paid by the 

owner for blasting, breaking up, and removing the 

stone ; but all stone so removed which may be suitable 

shall be used in building the cellar walls or piers, and for all stone 

so taken from the excavation and used in the building, the contractor 

shall pay the owner at the rate of [seven] cents per cubic foot. 

Furnish and lay in the best manner from outside of cellar-wall to 

cesspool [one hundred] feet of first quality [Portland, Akron, Scotch] 

^ . _. five-inch glazed earthenware drain-pipe, all uni« 

Draln-PIpei ato. ^ , ,,,,,,., , , , , , 

formly graded, the bed hollowed for the hubs, and 

all jointed with clear, fresh Portland cement, and the joints scraped 

smooth inside as laid. Leave the line of pipes open until inspected 

and approved before refilling the trench. Include in 

the line of pipe a five-inch running trap of the same 

make, with hand-hole, to be placed not less than six feet from the 

house, and the hand-hole closed by tight cover ; and include also a 

6" X 6" T-branch where directed, between the house 

^***** tTon I*"*" ^^^ ^® '^*P' ^^® branch of the T to be turned up- 
ward, and a vertical five-inch pipe of the same make 
to be brought to the surface of the ground and covered with a proper 
earthenware ventilating cap, all jointed with cement. 

Furnish and lay four-inch glazed earthenware pipes 
Pipes for of the same make, all jointed in cement, from each 
Raln-Wat«r. ^j^y well to the rain-water leaders. Each pipe to 
turn with a quarter-bend at the cellar wall and to be brought up- 
ward to the surface of the ground to receive the foot of the leader. 



FOUNDATIONS. 

All the lime used in the mason-work throughout to be Extra No. 1 

[Rockland, Canaan, Glen*s Falls,] and all cement except that used for 

jointing drain-pipes to be best fresh [Rosendale, Akron, 

Cement. £(mtst;t/^,] of the [F. 0. iS^or^on] brand. All sand to 

Sand. be clean and sharp, and used in proper proportions. 

Furnish all materials and build the cellar-walla 

18 inches thick to the underside of sills of good ledge or other 

approved stone ; the first 18 inches to be laid dry in the trenches, 

and the remainder to be laid in mortar made with lime and cement 
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in equal parts and clean, sharp sand in proper proportion; the 
whole to be laid to a line on each face, well bonded, 
the joints filled with mortar and all to be thoroughly 
trowel-pointed inside and outside the whole height, holding the trow- 
el obliquely so as to weather the pointing on the outside. Set the 
best face of the stones outside, both above and below ground. Set 
stone footings for piers and chimneys and foundations for range an^ 
boiler. . Level up carefully and bed the sill in cement-mortar and 
point up around it inside and outside, and bed and point up around 
frames of basement windows. Build piers of dry stone for front 
granite step. Leave openings for drain, gas and water pipes, and 
fill up around them afterwards. 

Build the cesspool with circular wall of dry stone eighteen inches 
thick. Draw in the top and cover with three-inch planed blue-stone, 
two feet square, with man-hole and grated cover, set 
in cement four inches below finished grade, and the 
sod neatly turned down upon it. Build in the drain-pipe properly. 

Furnish and set one step of best clear IConnecticuQ granite at front 
porch, to be eight feet long, sixteen inches wide on * 

top, and twelve inches high, seven inches to be above 
ground ; the part above ground, top and ends, to be pene hammered. 

All the bricks used in the building except for fireplaces, hearths, 
and setting of range, furnace and boiler to be the best hard com- 
mon brick, to be carefully culled for facing of chim- ^ . ^ 
neys above roof, and all to be new, well-shaped, and 
of uniform size. All to be laid wet except in freezing weather, with 
joints thoroughly flushed up with mortar, and all well bonded. All 
brickwork to be afterwards plastered is to have rough joints, other 
work to have the joints neatly struck ; and all work visible outside 
the house to be washed down after completion with muriatic acid. 

Build piers in cellar and for outside work as shown on plans, all 
to be 12'' X 12'', laid in mortar made with equal parts 
of lime and cement and wedged tightly up to under- 
side of timbers with slate chips in mortar. 

Build the chimneys as shown on drawings, with flues 8" x 12" or 
8" X 8" as shown, of hard brick in mortar made with 
one part cement to two parts lime to underside of 
roof boarding ; above roof to be of selected brick, formed accord 
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ing to drawings and details and laid in mortar made with equal 
parts of lime and cement, colored with Venetian red to a light red 
color, and the upper four courses to be laid in clear cement. The 
brickwork of chimneys to be kept in all cases at least one inch clear 
of any wood-work. All withs to be four inches thick) well bonded 
into the walls, and all flues to be carried up separately to the top. 
Plaster every flue smoothly inside to the top, and clean out at com- 
pletion, and plaster the outside of each chimney from basement floor 
to underside of roof boarding. Build in lead flashings, to be provided 
by the carpenter, and provide and build in eyes and set strong 
wrought-iron stays, as directed^ to all chimneys rising more than fif- 
teen feet above the roof. Provide and set eight-inch iron thimble in 
furnace-flue, sixteen inches clear below underside of beams, and five- 
inch thimbles and covers with ventilating arrangement in laundry, two 
feet clear below ceiling, and in two attics, to be three feet clear above 
floor unless otherwise directed. Provide and set also 8" x 8" iron 
cleaning-out door and frame in furnace-flue, two feet above basement 
floor ; and a 12'' x 12" door and frame in each ash-pit, close to base- 
ment floor ; and 8" x 12" black japanned ventilating register in 
kitchen. 

Turn 4-inch trimmer-arches on centres to all fireplaces, to be two 
feet wide by the length of the breast ; turn also trim- 
AroliMl'^ mer-arches in front of range and wash-boiler to sup- 
port hearths not less than 20" wide in front of each. 
Level up with cement-concrete or brickwork, to receive hearths. 

Build the fireplaces with the rough brickwork only at first, 
making the opening three feet high above top of beams, and putting 
in two ^" X 2" wrought-iron chimney-bars to each 
opening, each bar to be eight inches longer than the 
opening. After the house is plastered provide all materials and 
build fireplaces and hearths according to detail drawings, and cover 
securely with boards for protection until the building is delivered. 
The fireplace in parlor is to be lined with ornamental cast-iron 
plates, of pattern to be selected by the owner, and to cost ten dollars 
per set, exclusive of putting up ; and to have facings of French ma- 
jolica tiles, to be selected by the owner and to cost twenty-five dollars 
per set exclusive of putting up, and hearth of royal blue glazed 
American tiles in three-inch squares with border of two rows of one- 
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inch black glazed tiles, with one row between of Low's three-inch 
Chelsea tiles, of pattern to be selected by the owner ; the hearth to 
be 20" wide and 6' 6" long, inclusive of border. All to be executed 
in the best manner by skilled workmen, the tile facings to be secured 
in place with polished brass angle-bars, and the hearth to be laid in 
Portland cement, and all to be thoroughly backed up with brick and 
mortar. Make the hearth within the fireplace of good face-brick. 
The dining-room fireplace is to be lined with Philadelphia glazed 
brick to be selected by the owner, and is to have facing of Italian 
griotte marble, 4" wide and i" thick, with cavetto moulding around 
the opening, and hearth 20" by 5', of American unglazed red tiles 
without border, all executed in the best manner and thoroughly 
backed np with brick and mortar, and to have face-brick hearth 
within the fireplace. 

All the other fireplaces in the building are to be of selected 
pressed brick with borders of moulded brick, as per detail drawings, 
and hearths of 16" width by length as directed, of pressed brick laid 
flat, with border of brick moulded with half-round on the edge, 
mitered at the angles and set with the half-round projecting above 
the floor, all laid in red mortar and neatly pointed. All fireplaces 
to be built in the best manner, with ^" x 2" chimney-bars, 8" longer 
than the opening, to support those shown with square openings, all 
well backed up, and the joint between old and new work thoroughly 
broken to prevent the escape of sparks. Provide and set neat ash- 
grates to all first-story fireplaces, without dampers. 

Set the range, to be provided by another contractor, in pressed 
brick in the best manner, to show a 12-inch pier on each side, and 
carrying up the face-brick setting to the ceiling, with 
lintel of rubbed blue-stone, five courses high by the 
whole length of the breast, to hold the brickwork above. Make 
hearth to the same 20" wide by the full length of range and piers, 
of pressed brick laid flat in cement. 

Do all excavation and other work necessary and furnish all mate- 
rials, and set in the best manner in pressed brick the furnace to be 
provided by the contractor for the heating. Make 
oold-air chamber under furnace not less than eighteen 
inches deep, all of hard brick in clear cement, with bottom of the 
same, and make cold-air box ten feet long under cellar floor for 



226 BUILDINa SUP£EmTEND£NCB. 

supplying the same, to be 18" deep by 3' wide, with bottom and 

■««. *^^®* ^^ ^^^^ brick in clear cement, and all plastered 

with cement, and covered with S-inch flagstones with 

close axed joints. Connect the cold-air box complete and make 

eight all around it, and leave the whole in perfect working order. 

Provide and set in laundry where directed a 35-gallon ISteeger^s] 

best heavy tinned copper wash-boiler with dished soapstone top, 

... .. » .. grate, ash-pit, and doors complete, and with steam- 
Waah"Boii*r« , _ i . /« > n . 

pipe connected properly into flue. All to be set m 

pressed brick in the best manner, and to have hearth 20 inches wide 

by the length of the boiler, of pressed brick laid flat in cement. 

Lay two courses of rough brick in mortar on top of foundation 

walls behind sill all around the building, and fill up with four courses 

- . . ..... o^ the same between beams on top of sill. Lay four 

Brick Pllllns. . , - ,, , , . , 

courses of the same on top of all dropped girts and 

caps of partitions which carry beams in every story between the 
beams and studs, and build a vertical 4-inch wall of the same from 
the plate all around to underside of roof-boarding. After the par- 
titions are bridged lay one course of brick in mortar between studs 
on top of all the bridging throughout. Lay one course of brick in 
mortar on top of under floor in each story around all chimneys and 
between the furring studs of the breasts, filling the whole space from 
brickwork of chimneys to outside of studs. 

Level off the cellar floor, roll or settle thoroughly, and concrete 
the whole three inches thick in the best manner, the 
' concrete to be made with one part fresh [F. 0, Norton 
Rosendale\ cement to two parts clean sharp sand, and three parts 
washed pebbles or broken stone, and the portion not covered by 
wooden floor to be smoothed off neatly, and all left perfect at the 
completion of the building. 

The mason is to assist the other mechanics employed in the build- 
ing wherever his help is necessary, and is to do all 
ous. cutting and jobbing required without extra charge, 

and leave all perfect. 
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PLASTERER. 

Iff thi$ is made a separate contract, the full title and the General Con 
ditions should precede the Specification,] 

The plasterer is to examine and try all ceilings, partitions, and 
farrings, and is to notify the carpenter of all that varifyins 
are not square, true, plumb and level, and see that Furrlnss. 
they are corrected before lathing, and that all are firm and secure. 

Back-plaster the whole of exterior walls from sill to plate between 
the studs, on laths nailed horizontally f" apart to Baok- 
other laths or vertical strips put on the inside of Plastarins. 
the boarding, all well trowelled and brought weU out on the studs, 
girts, and plate, making all air-tight. 

Lath and plaster basement ceiling one heavy coat, one-Ooat 
well trowelled and smoothed. Work- 

Lath and plaster two coats in the best manner all other studdings, 
underside of stairs, partitions, furrings and ceilings throughout the 
building, except in rooms marked " Unfinished " on Two-Coat 
plans, carrying the plaster to the floor everywhere. Work. 
Laths to be best seasoned pine, free from knots, bark or stains, all 
laid f" apart, and breaking joint every six courses and over all door 
and window heads. The first coat of plaster to be of 
No. 1 Extra [^Rockland] lime, and clean, sharp sand, 
we.Il mixed with a half bushel of best long cattle or goat's hair to 
each cask of lime, thoroughly worked and stacked at least one week 
before using, in some sheltered place, but not in the cellar of the 
house ; all to be well trowelled, straightened with a straight-edge 
and made perfectly true, and brought well up to the grounds. The 
skim coat to be of No. 1 Extra \_Rockland] lime, slaked at least seven 
days before using, and washed [beach'] sand, and well floated. 

Run moulded cornice, not over SO" girt, with one enriched mem- 
ber, in Parlor, and plain moulded cornices, not over 24" girt, in 
Dining-room, Library, and four chambers in second 
story, and in first-story Hall, carrying two members 
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of the hall cornice up the soiiit of stairs to second story and around 
second-story hall : all to be in accordance with detail drawings. 

Form beams where shown, according to detail draw- 
Beams. ' ^ 

ings. 

Plant plaster centres in Parlor, Dining-room and Library, to be 8' 
in diameter in Parlor, and 2' 6" in Dining-room and 
Library, all to be made in accordance with detail draw- 
ings, and two wax models to be made and approved before casting. 

Point up with lime and hair mortar around outside door and win- 
dow frames ; clear away and remove all rubbish from the premises 
after the second coat of plaster is on; clean the mortar o£f tlie floors 
and sweep out the house and leave all ready for the wood finish ; 
patch up and repair all the plastering at the completion of the build- 
ing, and leave all perfect. 

•M.... w Whitewash cellar ceiling, walls and piers two coats 
wnitewasna , , , 

m the best manner. 



CARPENTER. 

[]f thU U made a separate contract, the full tUle and the Omurml C&n 
ditions should precede the Specification.] 

Scantlinsa. ^^^^' ^" * ^ '' halved and pinned at angles. 

Plates, 4" X 6". 
Posts at angles and opposite partitions, 4" x 8". 
Gu-ts, 4" X 8". 
Braces, 4" x 4". 
Window studs, 8" x 4". 
Door studs, 4" x 4". 

All other studding, 2" x 4'', 16" on centres. 
Partition caps, 3" x 4". 
Soles, 2" X 6J". 
Girders, 8" x 10". 
Sleepers, 6" x 6", 8' apart. 
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Floor beams, 2" x 10", 16" on centres. 

Headers, 4" x 10", and 6" x 10", according to framing plans. 

Trimmers, 4" x 10", and 6" x 10", according to framing plana. 

Rafters, 2" x 6", or 2" x 8", as marked on framing plans, 20" on 
centres. 

Deck rafters, 2" x 8", 20" on centres. 

Hip and valley rafters, 8" x 9", or 8" x 12", as marked on framing 
plans. 

Trimmer and header rafters doubled and spiked together. 

Ridges, 1" X 10". 

Piazza and porch girders, 4" x 10". 

Piazza and porch floor beams, 2" x 6", 20" on centres. 

Piazza and porch rafters, 2" x 6", 20" on centres. 

Hips and valleys, 8" x 9". 

Piazza and porch plate, 6" x 10". 

Piazza and porch posts, 8" x 8". 

Sleepers in basement to be of locust. Piazza and porch posts to 
be of best well-seasoned dry white pine or white- 
wood. All other framing timber to be good sound 
spruce, free from large knots, waney pieces, and shakes. 

The house is to be fuU frame, all framed, braced, and pinned in 
the best and strongest manner, perfectly true and plumb, and in 
accordance with the framing drawings. No wood- 
work is to be placed within one kich of the outside of 
any chimney, and no nails to be driven into any chimney. The 
underside of sill and ends of girders are to be painted two heavy 
coats of oil paint before setting in place. The basement beams to 
be sized upon the sleepers, which are to rest on the concrete. The 
beams of first-story floor to be notched down four inches on the sill 
and mortised two inches more into it, bringing the bottom of the 
beams flush with the bottom of the sill, and to be framed with tenon 
and tusk into the girders, flush at top and bottom : all to be well 
spiked to the sill, and the tenons secured to girders with oak pins. 
Beams of second and third story floors to be notched down four 
inches on the girts, and spiked to girts and studs, and sized one inch 
on partition caps, spiking the beams strongly together wherever 
possible to form a tie across the building. Headers to be framed 
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into trimmers with double tenon and pinned, and all headers which 
carry more than three tail-beams to have |" joint-bolts at each end 
in addition. Tail-beams to be framed into headers with tenon and 
tusk and pinned. All floors to be bridged once in every eight feet 
with a straight, continuous row of double herring- 
Bridsins4 y^^^ cross-bridging of 1" x 4" pieces, cut in and nailed 
with two nails at each end of each piece. Beams under unsupported 
partitions which run parallel with them to be in pairs, set 7^" apart 
on centres. 

Piazza and porch floor to be framed with a A" x 10'' girder from 

each post or pier to the house, set so that the top of the girder is V 

below the top of the sill, and pitching away £rom the 

PoSi^Joor. ^^^^ one inch in every five feet. Each girder to be 

gained one inch into the whole depth of the sill, and 

to be secured to the sill with |" joint-bolt. Into these girders are to 

be framed the 2" x 6" piazza beams, all flush on topk 

The finished posts of piazza and porch will stand upon the floor, 

with tenon A" long into the girder, and the plates are 

PorcSTRoof. *° ^ framed into them and pinned. The rafters are 

to be notched upon the plate and spiked, and strongly 

secured to house. 

Form the cornice of porch and piazza as shown on detail draw- 
ings, all of pine, with planceer, facia, bed-mould, and 
PofchOonTice. g"***^^ ^^^ around as shown, with leaded joints, two- 
inch lead goose-necks and [/our] three-inch [tin] con- 
ductors where directed, properly supported and entered into the 
drain-pipes prepared to receive them. 

The main roof of the house is to be framed as shown on framing 

plans. Rafters to be notched on the plate and spiked. 

Partitions to be carried up to support roof wherever 

practicable, and all to be thoroughly tied and made perfectly secure 

and strong. 

Form the main cornice as shown in detail drawings, with 8" x 4" 

gutter all around, facia, and planceer, rebated 1^" belt 

* at top oi wall, and raking moulding in the angle : all 

of pine. Gutter to have leaded joints and three-inch lead goose- 
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necks* Put on [«ix] four-inch tin conductors where directed, all 
strongly secured and properly entered into drain-pipes prepared for 
them. 

Gable finish to be as shown on detail drawings, all of pine, with 
IJ" rebated piece at top of wall, to show .8" wide, ^i" « j,. -, .^ 
plain planceer put on underside of projecting roof- 
boards with }" furring between and to show 10" wide, and corona 
and cymatium moulding 8}" wide in all, to cover ends of roof-boards 
and edge of planceer, and 8" x 8" bed-mould in the angle. 

Cover all the roofs, including those of porch and piazza, with good 
hemlock boards, planed one side to an even thickness, and well nailed 
to every rafter, two plies of pine-tarred felt paper, 
breaking joint, and shingle with first quality 16" sawed 
cedar shingles, laid 4^" to the weather, and nailed with two galvan- 
ized nails to each shingle. Form dormers, etc., as shown on draw- 
ings. Furnish wide counter-flashings of 4-lb. lead for the mason to 
build into joints of chimneys, shingle in wide zinc flashings to turn 
up against the brickwork as high as the counter-flashing will allow ; 
then turn down the counter-flashing, dress close, and cement per- 
fectly tight against the brickwork. Shingle in wide zinc flashings 
in valleys and around dormers, and put on wide zinc apron to pro- 
tect junction of piazza and porch roofs and house wall, and warrant 
all tight for two years from the completion of the building. Make 
all tight under dormer sills and around dormers. 

Make scuttle 2' x 2' in roof where directed with rebated frame 4" 
high, and cover hung with strong strap hinges, and 
to have iron bar fastening and fixtures to keep it open 
at any desired angle. Frame and cover to be tinned and all war- 
ranted tight. 

Enclose the walls with good hemlock boards planed one side to an 
even thickness, and two thicknesses of good felt-paper breaking 
joint. Shingle the whole of the walls above belt at 
second-story floor level with first quality 16", sawed 
cedar shingles, laid 6" to the weather and nailed with two common 
nails to each shingle. Where the shingles come against door or win- 
dow casings nail only at the side next the casing, with two nails. 
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Under window sills and elsewhere where exposed the nails to be 
galvanized. Shingles in gables to be laid alternately long and short, 
without selecting for uniform width, the difference in length to be 
IJ". Cut shingles, of uniform width and to pattern 
as per drawings, to be used in panels where shown 
on elevations. 

_, ^ _ All other portions of the wall to be covered with 
Clapboards. . , , , ,,,.,' 1.1 

sap-extra pine clapboards, all laid to a perfectly even 

gauge of not over 4^", and all nailed to every stud with galvanized 

nails, set in for puttying. 

Put strips of zinc 3" wide around all window and 
door casings throughout, running under casings and 
clapboards or shingles. 

Form the belt at second-story floor level according to detail draw- 
ings by putting on furrings over each stud on top of the under board- 
ing and putting a second boarding outside, brought 
to a feather edge at the top. The lowest of these 
boards to be planed on the edges and the shingles to be brought 
down over. Finish under the edge with a 2}" bead. Under the 
moulding will be a belt 1^" thick and to show 6'', with the bottom 
edge rebated. 

Make also belt at level of window-sills where shown, of a 2^'' cove 
and fillet moulding, bevelled on top to correspond with the pitch of 
the window-sills, and put on over the shingles, which are to bo gauged 
to correspond. Form the front edge of these window-sills so as to 
continue the moulding without any break. 

Form the base as shown on detail drawings, on sides next to pi- 
azza and porch to be 1^'' thick, rebated on top, and to show 6" high 
above piazza floor, with small bevel, stopping against 
half-posts of the balustrade, scribed against the wall. 
In other places the base will be formed by 1^" feather-edged piece 
standing out from the wall, the clapboards to be brought down over 
It, and a 1}'' l)ead to run underneath. All of good, seasoned white 
pine. 
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There will be corner-boards only in first story where clapboarded 
shingles being in all cases brought out to the angles. 
All corner-boards, door and window casings to be li' comeMJoards 
thick, and of widths as marked on drawings, all of 
good, seasoned pine, and the top edge rebated. 

The porch will stand on 12" x 12" brick piers to be built by the 
mason. Piazza to stand on red cedar posts, 4' in the ground, fur 
nished and set, exclusive of excavation and refilling, 
by the carpenter. Floors to be framed as described pJJc hi" 
above, and to be covered with }" rift hard-pine 
boards, not matched, laid close joint and well nailed and the outer 
edges rounded. Finish under edge of floor with a planed board 10" 
wide, case the posts in front with planed boards, and fill in between 
them, and between piers under porch, with jig-sawed work of }" 
pine boards down to the ground, finishing with board, and with 
mouldings broken around to form panels, all as shown on drawings. 

Complete the porch and piazza as per detail drawings, the bal- 
ustrades, braces, turned, carved and ornamental work to be all of 
good, seasoned white pine ; and ceil the underside of roofs, and of 
all projections of oriels, balconies, etc., with }" matched and beaded 
spruce sheathing not over 4" wide, on furring strips 12" on centres, 
formed into panels by |" x 4" bevelled strips, planted on. Case 
over the plate with }" pine with }" bead on each edge, and finish the 
junction of piazza ceiling and main wall with 2" cove moulding 
neatly stopped. 

All outside steps except the granite lower step at front entrance 
to have J" pine risers and 1 J" rift hard-pine treads with rounded 
nosings returned at the ends : all to be supported on 
2" X 12" spruce strings 12" on centres, the outer strings 
to bo planed or cased, and the foot of the strings to be notched upon 
the granite step or upon a 4" x 4" piece supported by two red cedar 
posts 4" in the ground. Enclose under ends with vertical J" pine 
strips, jig-sawed as shown on drawings, with bevelled base. 

Make bulkhead entrance to cellar, with plank steps on plank 
strings, all planed, and cover of 4" matched pine 
boards, battened, hung with heavy strap hinges bolted 
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on, in strong plank frame, and all made tight, and furnished with 
strong bar fastening. 

All other outside finish is to be of good, thoroughly seasoned white 
pine in strict accordance with elevations and detail 

^^^r\t^9lu^^^ drawings, and all leaded where necessary to make it 
weather-tight. Project beams for bays, oriels, etc., 

and do all furring and other work for completing the whole in the 

Oudt and Strongest manner. 

The carpenter must call upon the painter to prime 
Primlnv j^jj exterior finish before putting up or immediately 
afterwards, and is to replace all work warped or cracked. 

The Hall, Laundry and Water^loset in basement will have single 

floor of first quality |" rift hard pine, square joint, not over 6" wide. 

All other floors throughout the building are to be 

PloorinV double, the under floor to be of good hemlock boards, 

planed one side to an even thickness, well nailed, and 

two plies of good felt paper to be laid between all upper and under 

floors. Under flooring in Hall, Parlor and Bath-room to be not over 

3" wide ; in Kitchen, not over 6" wide ; elsewhere to be any width. 

The Kitchen, Back Vestibule, Store-room and Butler's Pantry on 
first story, and Back Hall in first, second and third stories to have 
upper floor of first quality rift hard pine, not over 6" 
Floors. '^id^y matched and blind-nailed. The main Hall on 
first story to have upper floor of first quality se- 
lected quartered }'' oak, 2^" wide, matched, laid in herring-bone pat- 
tern, as per detail drawing, and blind-nailed. The Parlor is to have 
upper floor of J" second quality white pine, not over 6" wide, matched, 
but not blind-nailed, with border of IDUVs] parquetry, 20" wide, 
in maple and cherry, of pattern No. ^twenty-six] all laid in the best 
manner and warranted not to shrink. The Bath-room in second 
story is to have upper floor of alternate strips of maple and black 
walnut, not over 4" wide, matched and blind-nailed. 

All other rooms and closets throughout the building to have upper 
floor of f" second quality pine, matched but not blind-nailed, not 
over 6" wide in first story and second story chambers ; not over 9" 
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wide elsewhere. Make mitred borders to all hearths, registers, and 
staircase openings. 

All under floors to be thoroughly repaired and cleaned before 
upper Hoors are laid. 

All hard-wood flooring to be of the very best selected perfectly 
seasoned stock, and all upper floors to be kiln-dried, laid breaking 
joint in every course, well strained and nailed to every beam with 
twelve-pennies, and all neatly smoothed off by hand and scrubbed 
out at the completion of the building. 

Put on grounds for }" plastering in first story and J" elsewhere, 
and put on all angle-beads. Cross-fur all ceilings, including basement 
ceiling, with 1" x 2" strips, 12" on centres. Cross-fur 
rafters in finished attic rooms diagonally, with strips iJurrinK"^ 
12" on centres; fur out attic outside walls with stud- 
ding to give 4' vertical height, and fur down attic ceiling to 9' clear 
height. Set the grounds for vertical sheathing 4' high in Laundry, 
Eatchen and Bath-room ; for panelled wainscot 8' high in first and 
second story Hall and Vestibule, and stairs from first to second story, 
and for bases elsewhere of heights as specified. 

Fur chimney-breasts with 2" x 4" studding set flatways, to be 
everywhere 1" clear away from the brickwork; and fur outsidb 
stone walls of Laundry in basement with 2" x 4" studs set flatways. 
Fur for beams, arches, etc., as required. All furrings, grounds and. 
angle-beads to be perfectly strong, true and plumb. 

Set all partitions with 2" x 4" studs 16" on centres, try with a 
straightedge, and straighten and bridge before plastering. All par- 
titions except those that stand over each other to ^ _^.^, 

^,, -,,/ . ,1, , Partition!, 

stand on a 2" x 5f " piece, and all partitions to have 

8" X 4" cap. Where a partition stands over another, the studs of 
the upper partition must stand on the cap of the partition below — 
not on the floor nor on the beams. Truss over all openings in parti- 
tions which extend through more than one story, or carry beams ; 
and strongly truss all partitions not supported from below, to take 
the weight off the middle of the beams. 

Bridge all partitions in first and second stories with 
two rows of angular bridging of 2" x 4" pieces cat in 
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and nailed with two nails at each end of each piece. Reverse the 
direction of the bridging pieces in each row. Line the pockets for 
sliding doors with planed boards. 

Fill in with saw-dust or planing-mill chips between 
pmin^ beams around all water supply pipes which run in the 
floors, making all tight. 

INTERIOR FINISH. 

All the stock for interior finish of every kind is to be of the very 
best quality, thoroughly seasoned and of selected grain, and well 
smoothed, sand-papered and kiln-dried before putting 
up. Ash to be best Indiana calico figure, and white- 
wood to be free from white sap. The Laundry, Kitchen, and Back 
Halls throughout, including back stairs, are to be finished in hard 
pine, excepting doors, which are to be of whitewood; the Front Hall 
and Vestibule in first story to be finished in quartered oak, except 
stairs to second story, which are to be cherry. The Parlor is to be 
finished in maple and the Dining-room in ash. The Bath-room in 
second story is to be finished in black walnut and maple. All other 
rooms and closets in first and second stories to be finished in white- 
wood. The hall and large front room in attic are to be finished in 
white pine for varnishing. All other rooms and closets in attic are 
to be finished in pine to paint. 

Make panelled partitions under front stairs as per 
Partitions. ^^^^^^ drawings, the framing to be H" thick, moulded, 
with raised panel |" thick, all bead and flush on back, 
all of quartered oak. 

Front Hall and Vestibule in first story, stairs from first to second 

story, and second-story hall, to have panelled wainscot 8' high, ac- 

cording to detail drawings, with framing J" thick, 

moulded, and raised panels }'' thick, and moulded cap, 

but no base. To be of quartered oak in first-story Hall, cherry on 

stairs, and whitewood in second story. 

The Laundry in basement and Kitchen in first story are to be 

sheathed 4' high with f matched and beaded vertical strips of hard 

pine, not over 4" wide, without base, but with neat 

bevelled cap. The Bath-room in second story is to 

have i" matched and beaded vertical sheathing, 4' high, of alternate 
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strips of black walnut and maple, A!* wide, with neat bevelled cap 
of black walnut and |" bevelled black-walnut base, 4'' high. Plough 
the sheathing into cap of bath-tub. 

The Parlor and Dining-room are to have moulded base, ^' x 10", 
according to detail drawings, to be of maple in Parlor, and ash in 
Dining-room. All second-story rooms except Bath- 
room to have }" x 10" bevelled base of whitewood. 
All other rooms and closets to have f x 8" plain board base, of 
hard pine in back halls and back stairs throughout ; whitewood in 
remaining parts of basement, first and second stories ; pine to var- 
nish in attic hall and large front room, and pine to paint in other 
rooms and closets in attic. 

Plough all bases together at the angles and put them on before 
the upper floor is laid, and allow \" extra below top of floor. 

All doors and windows in first-story Hall and Vestibule, Parlor ana 
Dining-room, and ball and all chambers in second story, to have l^'^x 
4" architraves, moulded as per detail drawings. To 
be of quartered oak in Hall, maple in Parlor, ash in 
Dining-room, and whitewood in second-story hall and chambers. All 
other doors and windows to have ^' x 4" plain square board archi- 
traves, of black walnut in Bath-room, and elsewhere of wood to corre- 
spond with finish of room. 

The architraves of doors and windows in Parlor, Hall and Dining 
room will have corner blocks with carved rosettes 
according to detail drawings ; all others to be mitred, and Corner- 
All moulded door-architraves throughout will have blocki. 
plain plinth-blocks. Architraves in Parlor, first-story Hall, Yestir 
bule, Kitchen, Laundry and back halls to be carried to floor ; else- 
where to be cut ^" short, to allow for carpet. 

All stool-caps to be }" thick, with round edges, of wood to corre- 
spond with the finish of the several rooms ; and in 
rooms with moulded finish to have moulding and be 
according to detail drawings ; elsewhere to have bevelled board 4" 
wide under. 

Brad all architraves, bases and other moulded work in the quirks 
of the mouldings, and set in all finish-nails for puttying. No splic- 
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ing of any architrave will be allowed, and joints of bases must be 
carefully matched. 

Front and kitchen outside doors to be made of pine according to 

detail drawings, the front door to be 2^" thick, moulded both sides, 

^^ with panels raised and carved outside only as shown ; 

the kitchen door to be 2^' thick, moulded both sides, 

with plain panels raised one side only. 

All doors in first-story Hall, Parlor and Dining-room, including 
each leaf of double doors, to be 1|" thick, 8' high, 8-panelled according 
to detail drawings, with flush mouldings and raised pan- 
els both sides. All to have thoroughly seasoned pine 
cores, veneered with quartered oak in Hall and Vestibule, maple in 
Parlor and ash in Dining-room. Doors opening between rooms fin- 
ished in hard wood are to be veneered to correspond with the rooms; 
but doors opening from rooms finished in hard wood into closets or 
inferior rooms are to be veneered both sides with the hard wood. 
Doors from Hall to Vestibule to be similar to other doors in Hall 
except that the four upper panels are to be filled with stained glass in 
lead work, to be selected by the owner, but paid for and set by the 
carpenter, and to cost $2.00 per square foot, exclusive of setting. 
All other inside doors throughout the house to be 1^" thick, of solid 
whitewood. To be V 6" high throughout second story, V high in 
Attic, Kitchen and Basement. Second-story doors to be 5-panelled 
according to detail drawings, with flush mouldings and raised bev- 
elled paneb both sides. Attic, Kitchen and Basement doors, except 
sash-doors, to be 4-panelled square with raised panels both sides. 

The door from Laundry to Basement hall-way will 
have sash in upper part, in 6 lights, glazed with best 
^" ribbed plate glass ; the glass and glazing to be furnished by the 
carpenter. 

All doors to have 1}" rebated and beaded frames of wood to 
correspond with the finish of the room, and all to have \" hard- 
pine thresholds. Veneer frames where necessary to show differ- 

_ _ ent wood on each side. Sliding doors between Par- 

Door Frames. , , ^-r „ , f , , 1, 

lor and Hall to have astragal and hollow on the 
meeting-styles. Double front outside doors to meet with the ordi* 
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nary bevel, but to have half of a turned colonnette planted on one 
leaf to protect the joint. Vestibule doors and double doors between 
Dining-room and Hall to meet with ordinary bevel, and moulding 
over joint. 

The carpenter is to furnish all window frames and sashes, and is 

to deliver the sashes and sash doors, excepting those which he is 

himself to furnish ready dazed, to the contractor for ^. ^ 

, . , , . , , , 1 Wlndows- 

pamtmg and glazing, and bring them back to the 

building when completed ; and is also to deliver all frames for cellar 

windows and doors when required by the mason for building into 

the walls. 

All windows in Basement except in Laundry are to have 1}" re 
bated pine frames and 2}" sills, and 1^'' pine sashes hinged at the 
top, with galvanized hooks and staples to keep them 
open, and strong japanned iron button fastenings; ^,*j*'^ 
and to have heavy galvanized wire netting with }'' 
mesh nailed securely on outside of frame. Make frame only for 
cold-air box openings, covered with galvanized netting in the same 
manner. 

The small windows in Laundry Closet in Basement and in Coat- 
closet, Pantry, and China-closet in first story, are • 
to have rebated plank frames and 1^" pine sashes, 
screwed in tight. 

All other windows throughout the building are to have boxed 
frames with pockets, 2" sills pitching 1^", and ploughed for shingles 
or clapboards as required, all of pine except beads 
and pulley-styles, which are to be of hard pine; and ''^**"**** **""■ 
1^" clear pine sashes in lights as shown, with moulded 
sash-bars and counter-checked meeting rails, all to be double hung 
with best steel-axle capped brass-faced pulleys, and best shoe-thread 
sash-line and best iron weights, and well balanced. 

Inside beads to be of hard pine throughout, and all put on with 
round-headed blued screws. Frames in rooms finished with hard 
wood to have a strip of corresponding wood veneered on the inner 
edge of the frame. 

Make and put up dresser in Kitchen as per drawings, all of hard 
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pine. To be 5' wide and 8' bigliy including neat cornice, with two 
cupboards under with shelf in each, and four shelves 
above, enclosed by f '' sash doors to slide past each 

other on metal tracks, with sheaves complete ; all to be furnished 

ready glazed with first quality sheet-glass by the carpenter and fitted 

up in perfect order. 

Fit up the China-closet as shown on drawings or as directed by 
the owner, with stand for sink and cupboard under, and four 
^^ _. drawers each side ; large cupboard with two shelves : 

SIX glass shelves 6" wide on one side, with open 
fronts, but to have brackets and neat fancy turned standards ; and 
five shelves on the other side, 14" wide and enclosed with }" sash 
doors in front to slide past each other on metal tracks, all to be fur- 
nished glazed with first quality glass and fitted up with sheaves 
complete by the carpenter. All the work in China-closet to be of 
white wood. Fit up slide in partition with porcelain pull to ran 
sideways. 

.^ ^ Fit up Pantry with three barrel-cupboards, with 

Pantrya n,, ii.«>. *« 

neat panelled doors and lifting covers, one case of three 

drawers, and four shelves running all around. All of whitewood. 

Fit up Coafrcloset in whitewood, with one case of four drawers, a 
Ooat-ci t ^^°® ^*^^ ^^'^ eight compartments, each 8" square, 
and two rows of hooks. 

Make stand for wash-bowl in Bath-room, with cupboard under, 

and panelled door, and four drawers each side, all of black walnut. 

^ ^^ ^ Case the bath-tub with black walnut in one Ions panel 

Bath-Room. , . , . , • , ^ , 

on each exposed side with cap of the same. Case the 

cistern in the same way, finishing the angles with a neat quarter- 
round. Fit up water-closet with seat, 8" bevelled wall-strips and flap 
only, strongly supported, both seat and flap to be hung with nickel- 
plated brass hinges and screws : all to be of black walnut. Put black- 
walnut strip and hooks on one side of the room only. 

Basement water-closet to be fitted with whitewood 
asemen .^^ ^y^Q game manner above specified for the one in 
Water-Oloset. , , , . ,,.,,. 

bath-room, and cistern to be cased with whitewood 

panelling. Put whitewood lining aU around above seat, 15" high. 
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Make stands for other wash-bowls shown on plans 
as above specified for the one in bath-rooi 
to be of whitewood instead of black walnut. 



above specified for the one in bath-room, but all bowls. 



Fit up all closets not specially described above as marked on plans 

or as directed by the owner. All closets in second ^^^ ^, 

Other oioiotii 
story more than 18'' deep, and two closets in attic, 

are to have, unless otherwise indicated, a case of three drawers, 

with three shelves over, and two rows of hooks. The remaining 

closets to have two rows of hooks, and one shelf above. All drawers 

to have neat panelled or moulded fronts, and to run on hard-wood 

centre strips. 

Make tank in attic where directed, 4f long, 2' wide, and 4' deep 
inside, of 1}" planed pine plank, with splined joints, 
to be lined by the plumber. Make cover to the same 
of matched and beaded pine sheathing, battened on the under side, 
with rounded edges, and hasp and padlock fastening. 

Make strong frame to support soapstone sink in Kitchen and 

wash-trays in Laundry, with 2}" ornamental turned legs, and put 

grooved draining-shelf over sink, and neat covers to ^.^ . ^, ^ 
, ,, ,,. i-»^ii,. <i Kltonen Slnka 

wash-trays, all of whitewood. Put beaded strips of etc 

whitewood on walls and ceilings of Kitchen and Laundry, and black 

walnut in Bath-room, for pipes to run on, and case over such pipes 

as may be directed with neat casings of wood suited to the rooms, 

screwed on with brass screws. 

Provide and hang first quality 1^" outside blinds to all windows, 
divided and hinged with care so as to fold back neatly and without 

interferinff. All to have rollino: slats in the lower ^., _. 

Blinds* 
half only. Divided blinds, and those of fixed win- 
dows, to be hung with wrought-iron L-hinges ; all others to be fitted 
complete with patent Automatic blind-awning fixtures, and all to 
have Washburn's patent ring fasts, except those for fixed windows, 
which are to have Shedd's patent wire fasts, so that they can be 
opened from the outside. 

Furnish mosquito guards to all outside doors and windows. Those 
for the windows to slide outside the sashes on beads put up for the 
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purpose. Those for the doors to be hung on the 

CO 

Nets. 



if oaqulto Qutgijg^ ^j^h springs to keep them closed, and brass 



hook and staple fastening. All to be ma<le in the 
best manner with frames of clear seasoned pine, }" thick, covered 
with suitable wire netting, and all to be stained, varnished, fitted, 
and marked complete by the carpenter, and neatly stored in a 
convenient place in the attic. 

Furnish outside sashes to all exterior windows, to be of clear sea- 
soned pine, It^" thick, glazed with first quality double-thick glass, in 
lights to correspond with inner sash, packed with listing around the 
edges, and arranged to be secured by round-headed 

Window^ screws from the inside to small permanent brass 
plates set in fiush with the outside of the casing and 
firmly screwed to it. Six plates and screws are to be provided for 
each window, and for convenience in fixing projecting screws are to 
be set in the outside sash, by which it can be hung from the edge of 
the upper plates while the other screws are adjusted. All to be 
made in the best manner, glazed, painted three coats, fitted and 
marked complete by the carpenter, and safely stored in a convenient 
place in basement. 

The carpenter is to set all mantels in the best manner, and case 
over for protection until the house is delivered. 
Mantels, removing the casing only for painters' work, and 
' replacing afterwards. 

The carpenter is to make mantels to all fireplaces, and also shelves 

with brackets in chambers which have no fireplaces, 

in the best manner, in strict accordance with detail 

drawings and the directions accompanying them. To be of first 

quality thoroughly seasoned stock to match the finish of the rooms, 

and all well bolted and dowelled together. 

Make strong step-ladder of planed spruce to scuttle 
' in roof ; to be movable. 

Fit up shelf along one side of Laundry and Kitchen, 4J feet above 

floor, strongly supported, and put one row of hooks on beaded strip 

under the same. Put up also neat roller for towel in 

Kitchen, and hook strip over sink, and put 20 feet run 
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of shelving in furnace-cellar in the most suitable place, and three 
shelves for batteries and gas-meter where directed by the electrician, 
bell-hanger, and gas-fitter, and swing shelf where directed. 

Make in a suitable place a strong double box of 1^" matched and 
beaded pine, to contain ash and garbage barrels, with 
division between. Each part to have battened door baK^i^)jSsr 
in front, with good lock and two keys, for removing 
barrels, and lifting cover on top, hung with brass butts, and with 
brass hook and staple fastening. 

Put base-knobs with inserted rubber to all doors, of ^ ^ ,^ 
,/,.,- Ba«e Knobs, 

wood to match finish of room. 

Fit up strong fiap-table in Kitchen and one in Laun- 
dry, of pine. 

Make two good coal-bins in cellar as directed, to 
hold ten tons each. 



Ooal-Bln«. 



Build temporary privy for th6 workmen, to be cleared 
away and the place cleaned out, filled up, and graded *prh5I[""' 
over at the completion of the house. 

Cut the floors for registers and hearths as may be requisite, and 
fit borders neatly around, and cut as required for 
plumbers, gas-fitters, and other workmen, repairing neous* 
neatly afterwards. Assist other workmen employed 
in the building, furnish centres, patterns for bays, lintels, and rough 
furring as much as may be needed. 



HARDWARE. 

Th8 sliding-doors between Parlor and Hall are to be hung in the 
best manner with Prescott's patent balance hangers 
complete; to have Russell & Erwin's solid bronze FurnUurS?'^ 
sunk handles, pattern No. 832, dark finish, and bronze 
astragal-face sliding-door locks and pulls of the same make, pat- 
tern No. 833. 
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The front outside double doors are to be hung with 6" x 6" Rua- 
sell & Erwin's fancy solid bronze dark finish acorn 
loose-pin butts of pattern No. 15, three to each leaf, 
with steel bushings and steel washers. 

All other doors in first-story liall, Vestibule, Parlor and Dining* 
room are to be hung with 6" x 5" bronze acorn steel-washer 
japanned loose-joint butts, three to each door or leaf of double 
doors. 

All other doors throughout the building are to be hung with 4" x 
A" japanned loose-joint acorn butts with steel washers, two butts to 
each door. 

The front door is to have Enoch Eobinson's patent front-door 

mortise lever-lock, with brass or bronze face and 
Looks* 

striking-plate and night-latch, with one key to the 

large lock and four to the night-latch. 

All other doors throughout the building to have Russell & Erwin's, 

Corbin's, or Nashua Lock Co.'8 5-inch mortise-locks, with brass face 

and striking-plate, brass bolts, and Grerman-silver or plated keys ; no 

two keys in the house to be alike. The outside kitchen door is to 

have in addition a Yale rim night-latch, with two keys. 

The front outside door is to have Russell & Erwin's fancy solid 
bronze dark finish 2^-inch knobs, pattern No. 923, on both sides of 
one leaf only. Doors in basement, kitchen and attic to 
have 2^inch best lava knobs with bronze roses and 
escutcheons. All other doors throughout the building to have Rus- 
sell & Erwin's 2^inch fancy solid bronze dark-finish knobs, pattern 
No. 933. Double doors to have knobs on one leaf only. 

« .. « .. The carpenter is to furnish bell-pulls to front and 

Bell-Pulls. ... ., , , ., , , 

kitchen outside doors, to correspond with the door- 
knobs. 

The outside front and vestibule doors, and double doors between 

first-story Hall and Dining-room, are to have bronze-metal flush-bolt 

at top and bottom of the leaf which has no lock, and 

front outside and vestibule doors will have in addition 

a strong solid bronze chain bolt. The kitchen outside door, door at 

head of basement stairs, door of basement water-closet, and doors 



Cupboard 
Doors* 

Drawer-Pulls. 
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of bath-room and all chambers in second story, to have Ives's patent 
mortise-bolts with bronze roses and bronze keys. 

All capboard doors to be hung with brass butts and 

^#H Vi^ VCtI 

to have brass slip-latches. Doors* 

Drawers of wash-bowl stands to have handsome 
brass drop-handles. All other drawers to have plain 
japanned iron pulls. 

All doable-hung windows to have Morris's patent self-locking 
sash-fasts, to be of solid bronze in first-story Hall, 
Vestibule, Parlor, and Dining-room ; bronzed iron with 
plated drops elsewhere, and two pulls on lower sash to correspond. 

Put heavy triple hooks of japanned cast-iron in closets and other 
places specified: to be in two rows unless otherwise expressly 
directed, and to be 8" apart in each row ; those >^ « ,-. 
the upper row to be set over the middle of the spaces 
between those in the lower row. 

All brass hardware to be put on with brass screws, plated with 
plated screws, bronze or bronzed with bronze screws, 
and japanned with blued screws. 



STAIRS. 

[ThU U very commonly made a separate contract, and in that etue the 
General Conditions should precede,] 

The front stairs from first to second story are to have open string, 
moulded nosings returned at the ends and carried around well-room, 
j-inch risers and treads, housed into the wainscot on 
the wall side, the treads ploughed into the risers, and 
risers ploughed into underside of treads; l}-inch fancy turned balus. 
ters, two to a tread and around well-rooms in the same proportion, 
all dovetailed at the foot and tenoned into underside of rail ; 2}'' x 
8 J" double moulded hand-rail ; 4" x 4" solid turned, chamfered and 
fluted posts at angles, with half-post at upper termination of rail, 
and 5'' x 5'' fluted and carved boxed post at foot : all to be strictly 
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in accordance with detail drawings. The posts and rail are to be of 
best Spanish mahogany, all the rest to be of cherry. Outside string 
on stairs, and face-board around well-room, to have moulding to 
cover joint with plaster. 

The back stairs from first story to attic are to have open string, 
rounded nosings returned at the ends and carried around well-rooms ; 
j-inch risers and treads, the treads ploughed into 
risers, and risers ploughed into underside of treads, 
and both treads and risers to be ploughed for the base on the wall 
side; l^inch plain round balusters, two to a tread and around well- 
rooms in the same proportion, and mortised at top and bottom ; 2" 
X 2^" plain moulded hand-rail, and 8|" x 3}" solid turned and cham- 
fered post at each angle and at foot, with half post at upper end of 
rail : all to be according to detail drawings, of hard pine through- 
out. 

The stairs to cellar are to go down under the front stairs; to 

have j-inch risers and treads with rounded nosings, ploughed for 

base; Ij-inch plain round balusters, two to a tread, 

and mortised into treads and underside of rail, and 2" 

X 2}^' plain round hand-rail : ail to be of hard pine. 

All stairs are to be framed and supported in the best and strong- 
est manner, on 2" x 12" spruce strings 12'' on centres : all to be thor- 
oughly wedged, blocked and glued in the best manner, and left clean 
and perfect. The stair-builder is to put on all the face-boards and 
nosings around well-rooms, and is to furnish and put on plain square 
hard-pine base on wall side of back stairs and cellar stairs, ploughed 
into treads and risers, and is to do all the work of housing the front 
stairs into the wainscot. 



BELLS. 



[This is often included in the carpenter's concraeL Xf itis separated tht 
General Conditions should precede the Specification, If electric gas- 
Wjhting %s introduced {see specification helova) the hells may be included 
in the contract with it.] 

Put in electric bells as follows, with annunciator in kitchen, bat- 
tery, insulated copper wires, push-buttons to match finish of rooms, 
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and bells of five different tones, all put up in the best manner and 
warranted for three years : 

Bell from front door to ring in Kitchen and in Attic halL 

Bell from Kitchen outside door to ring in Kitchen. 

Footrbell from Dining-room to ring in Kitchen. 

Bell from Parlor to ring in Kitchen. 

Bell from second-^tory Hall to ring in Kitchen. 

Bell from second-story Hall to ring in Attic Hall. 

The pulls for the outside front and Kitchen doors only will be fur- 
nished by the carpenter. 

All wires to be run behind the plastering. 



ELECTRIC GAS-LIGHTING. 

[7^ General Conditions should precede the Specification unless this is 
Joined with some other contract.] 

Wire all the gas outlets in the building with the best insulated 
copper wire, all concealed behind the plastering. The drop-light 
in first-story Hall is to be wired for automatic burner, to light from 
wall of Hall near door to Vestibule, and also from east wall of 
chamber over Dining-room, just under the bracket outlet. The 
bracket at foot of cellar stairs is to be wired for automatic burner, 
to light from wall at head of stairs. All other outlets are to be 
wired for pull-burners. 

When directed, after the fixtures are in place, put automatic 
burners on first-story Hall lantern and on bracket at foot of cellar 
stairs, with buttons as above specified ; and put four pull-burners on 
Dining-room chandelier, six on Parlor chandelier, four on brackets 
m Parlor, three in each of three principal chambers in second story, 
of which two will be on the mirror light, and one on bracket as 
directed ; one on second-story Hall bracket, and one on bracket in 
Bath-room. All to be of the best pattern, perfectly tight against 
any escape of gas ; all fitted up in the best manner, with battery 
complete, and to be kept in good order free of expense for two 
years. 
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PAINTING AND GLAZING. 

[XT this i» made a ieparate contract the General Conditions ehotdd pre* 
cede the Specification.] 



Outsld«. 



Stain. 



Paint. 



Oil hard-pine piazza and porch floors and treads of 
steps two coats. 

Stain sheathing under piazza and porch roofs with 
one coat of light oil of creosote. 

Paint all roofs one coat of pure Venetian red in 
oil, finishing with a second coat of pure Indian red. 

Paint all other outside wood and metal work two coats, of three 
tints as directed : the first story to be one shade, the second story 
another, and the doors and trimmings a third. Paint also the 
mouldings on belts, etc., where directed, in Venetian red. 

Paint the blinds three coats of color as directed. 

Paint sashes three coats of color as directed. 

All hard-wood floors and borders, including hard- 
lnsid«. p.jjg floors in Kitchen and Basement, are to have one 
light coat of oil, and to be finished with hard wax or 
Butcher's Boston Polish, put on in the best manner 
and well rubbed. Other hard-pine wood-work, and all ash and 
whitewood finish, to be filled with oil filler, and to have two coats of 
Pellucidite, rubbed down with emery cloth and oil. The mapld 
finish in Parlor is to be filled with oil filler and to have three coats 
of white shellac, rubbed down with emery cloth and oil. The 
cherry stairs are to be stained in the best manner to imitate 
mahogany, filled with oil filler and finished with two coats of 
Pellucidite, rubbed down with emery cloth and oil. The mahogany 
posts and rails are to be filled and varnished with two coats of best 
copal varnish. Oak wood-work in Hall is to be oiled one light coat, 
and finished with Butcher's Boston Polish, or hard wax, well 
rubbed. The pine in Attic hall and large room is to be oiled one 
coat and varnished with two coats of copal varnish. Other wood- 
work in attic is to be painted three coats of pure zinc white and 
oil, to finish with a plain oil surface, not flatted. 
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Tnside of sashes to be stained cherry color and 

. , « -^ Saah«a. 

varnished. 

Varnish all exposed lead and brass pipes and bands 
with one coat of white shellac. 

All materials are to be of the very best quality. Pure linseed oil 
only is to be used. The body for inside work is to be pure zinc 
white, and for outside work to be the best French ochre. No lead 
to be used for outside work unless expressly directed, and in that 
case to be pure {JeweU's], [CTnion] or [5a/«fi] white lead. 

Putty-stop thoroughly and smoothly all work inside 
and outside after the first coat and before the last 
coat, coloring the putty to match the wood after darkening. Use 
wax suitably colored instead of ordinary putty, 
wherever wax finish or Butcher's polish is specified. 

Cover all knots, sap and pitchy places with strong shellac, and 
kill knots or pitch with lime where necessary. Sand-paper all 
inside work, rubbing with the grain, and clear out all 
mouldings before the first coat, and sand-paper after 
each coat of paint, shellac, Pellucidite or varnish except the last. 



GLAZING. 

[This U almost invariably included in tJie contract for painting."] 
Glaze all inside and outside sashes, except those specified to be 
furnished ready glazed by the carpenter, in lights as shown on 
drawings or as directed, with first-quality double-thick French or 
German glass ; all well bedded, puttied, back-puttied, and tacked, 
and all repaired at the completion of the building, thoroughly 
cleaned and left whole and perfect. 



PLUMBER. 

[If this is made a separate contract^ as it usually sJiould be, thefuU title 
and tJie General Conditions must precede the Speci/lcationJ] 

There will be PixturMi 

Tn Basement : Set of four white earthenware Wash-Trays. 
Cold Supply to Wash-Boiler. 
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One {^HeUyer^s short Artisan Hopper"], with seat attachment 
and preliminary flush. 

Sill-Cock. 

Furnace Supply. 
In First Story: One Soapstone Kitchen Sink with draining ahelvea 
and wall-plates. 

One 50-gallon Bath-Boiler. 

One Pantry Sink. 
In Second Story: One Bath. 

Three Wash-Basins. 

One IH, C. Meyer (r Co.'«] Brighton Water-Closet. 
In Third Story: Tank. 

All iron pipes, including both waste and air pipes, to be of the 

best quality, [3/ott'«] or [^Brad/s'] make, with all proper fittings ; 

^, the horizontal portion of the main soil-pipe in base- 

iron Pipes. ,,,,,. 1 „ , . 

ment to be double-thick; all other iron pipes to be 

single-thick ; and all to be thoroughly coated inside and outside in the 

best manner with asphaltum before putting up, and the outside to 

have a second coat afterwards : all to be put up in the best and 

strongest manner with iron hooks and stays, and the joints caulked 

with oakum and melted lead. 

All cold-water supply, air, and waste pipes under 2" 
are to be best drawn lead, and to weigh as follows : — 
Rising-Main : | inch to weigh 4 lbs. per foot. 
Other Supply-Pipes : 

1-inch to weigh 5 lbs per foot, 
a (( (( it ^ ti t( u 

A u u u 3 (( *t « 

1 <4 (( (( 2 ^^ *t u 

Waste, Air and Ooerfiow Pipes : 

2-inch to weigh 5 lbs per foot. 
21. « u it 3 (( <( if 

Hot^water pipes throughout to be of National Tube Works' bo5t 
seamless drawn plumbers* brass tubing, with brass fit- 
tings, all put together with red lead in the best man- 
ner and made perfectly tight. 
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Mi lead and brass pipes are to be put up in the best manner on 
boards set in place by the carpenter. The lead pipes are to be se- 
cured with hard metal tacks or brass bands and screws, and brass 
pipes with brass bands. No hooks are to be used. The hot and 
cold water pipes are to be kept at least ^" apart everywhere. All 
joints in lead pipes throughout are to be wiped joints, no cup-joints 
to be permitted anywhere ; and all brass pipes are to be put up with 
right-angled turns so arranged as to allow free expansion and con- 
traction. All connections between lead and iron pipes and traps 
are to be made with cast-brass ferrules, of the same size as the lead 
pipes, soldered to the lead pipes with wiped joints, and caulked witl; 
oakum and melted lead into the iron pipes. 

The waste-pipes are to run as follows : — 

The main 4-inch soil-pipe is to be extended through the north side 
of cellar-wall, and jointed air-tight with clear Port- 
land cement into the drain-pipe outside. From this 
point it IS to run with uniform pitch along the cellar-wall, and under 
floor of basement water-closet, to a point in Laundry under second- 
story water-closet, with 4-inch Y-branch to receive trap of basement 
water-closet, and 8-inch Y-branch for waste-pipe from Laundry 
wash-trays, then turning up on Laundry wall with 4^inch Y branch 
and 4-inch brass trap-screw caulked in at the turn for cleaning out 
the pipe, and running straight up on Laundry wall through the 
Kitchen floor and Bath-room with 2-inch Y-braneh below Kitchen floov 
for waste-pipe from Kitchen sink, 4-inch Y-branch below Bath-room 
floor for pipe from trap of water-closet, and 2-inch T-branch above 
all other connections for air-pipe from traps ; and thence straight 
up through and two feet above the roof ; the top to be protected with 
brass wire netting, and a flange of 16-oz. copper, 18" square, to be 
soldered on to protect roof, shingled in and warranted tight. 

Carry a 3-inch iron pipe from the connection provided for it in 
Laundry with uniform pitch on north wall of Laundry to the corner, 
there turning, with Y-branch and 8-inch brass trap- 
screw for cleaning out, accessible from the vegetable- "J^rte. 
cellar, and continuing with the same pitch on east 
wall of Laundry behind wash-trays, with Y-branch for pipe from 
trap of wash-trays, to a point nearly under pantry sink in first story, 
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and there turning, with Y-branch and 3-inch brass trap-screw at 
the turn for cleaning out, and continuing up on Laundry wall to 
China-closet, with l^inch Y-branch under floor for waste from pan- 
try sink, and up through China-closet and closets over it, with double 
l^inch Y-branch under second-story floor for wastes from wash-ba- 
sins, and 2-inch T-branch for air-pipe from traps above all other con- 
nections and thence straight up through the roof and 2 feet above, 
with brass wire netting on top, and 18" x 18" flange of 16-oz. copper 
soldered on and all warranted tight. 

Carry a 2-inch iron air-pipe, all caulked air-tight in the same way as 
other iron pipes, from trap of basement water-closet beside the main 

.. ^. soil-pipe to the connection with soil-pipe provided for 
Iron Alr-Plpes.. . £ , . , ^ . , r« . , , « , 

It in Bath-room, with 2-inch T-branch above Bath- 
room floor for connection with lead air-pipe from traps of sink in 
Kitchen, and wash-basin, bath and water-closet in Bath-room. 
Carry a separate 2-inch iron air-pipe from trap of Laundry wash- 
trays beside the 3-inch waste-pipe to the connection provided for 
it in second story, with 1^-inch T-branches to receive air-pipes from 
trap of pantry sink and second-story wash-basins. 

The plumber is to apply for |-inch service-pipe from street main 

to house, and pay all charges, if any, for it, and is, 

when called upon, to furnish and fit up temporary 

cock in cellar to supply water for building. As soon as the house 

is plastered he is to complete the permanent supply-pipes as follows : 

Carry |-inch four-pound rising-main up on cellar-wall and walls 

of Laundry, Kitchen and Bath-room to tank in attic, 

Rislng-Maln. with stop-and-waste cock at cellar-wall, and branches 

as follows : 
In Basement : — |-inch branch to Sill-cock, 
^inch branch to Furnace Supply. 
^ " " " Water-closet cistern. 

|- " " " Laundry wash-trays. 

In Kitchen : — |-inch branch to Kitchen sink. 

f-inch branch to China-closet, running on Kitchen ceiling, and 
dividing in China-closet into three ^inch branches, one of 
which is to supply the pantry sink, and the other two the 
wash-basins in second-story chambers. 
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In Bath-room : — {-inch branch to bath ; the same to supply wash- 
bowl by a ^inch branch, 
^inch branch to Water-closet cistern. 

Every branch from the rising-main is to have s^^parate stop-and- 

waste cock in a convenient place, and so arranged that the pipes can 

be completely drained of water; and each of the 

three branches in China-closet is also to have sepa- ^**f'**f "**" 

^ , .1 Wast« Oocks. 

rate stop-and-waste cock, to shut off the pantry sinks 

or cither basin and empty the pipes at pleasure. All stop-and-waste 

cocks to be finished brass ground cocks of the best quality. 

Line under and behind all pipes and traps above the first floor 
with eleven-ounce zinc, the horizontal joints to be well soldered, and 
the upright joints to be lapped. This lining is to enclose completely 
all pipes, to protect ceilings and walls from any defect 
or leak, present or future. The lining to be graded 
to certain points, and to be connected with |-inch drip pipes to run to 
basement, and empty over cistern of basement water-closet ; the end 
of the pipe to dip below the water-line of cistern. 

Line with 16-oz. tinned copper in the best manner the tank in 
attic, 4' X 2' X 4', to be furnished ready for lining by the carpenter. 
Supply from the rising-main, with |-incli finished brass compression 
ball-cock and 6-inch copper float, and put in l^inch 
boiler valve, with {-inch pipe to boiler, and l^inch 
lead overflow pipe, to be carried down beside rising-main and to 
empty over kitchen sink, with the end over the sink turned up to 
form a trap. 

Hot water will be supplied to Laundry wash-trays, ..^^ 
Kitchen sink, pantry sink, bath, and three wash-basins. 

Furnish and fit up in Kitchen, beside range, a 50-galIon [£^. D. 
Hicks jr Son] first-quality, warranted copper bath-boiler, on Lock- 
wood pattern cast-iron stand, to be connected to water-back of 
range with I" brass pipe and ground-plug sediment-cock union 
coupling, and to have waste-pipe carried to the waste- 
pipe from kitchen sink. The boiler is to have three 
brass pipe-couplings on top, one for the supply from tank, and the 
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others for two separate |-inch hot-water supplies. One of these is to 
be carried on Kitchen ceiling, with {-inch branch to Kitchen sink, 
thence to Bath-room, with -l-inch branch to bath and ^inch branch 
to wash-basin, and to continue on Bath-room wall and ceiling to 
connect with the supply-pipe from tank to boiler for circulation, 
and a ^-inch expansion pipe to be carried from the highest point of 
the circulation pipe two feet above the tank, and turned down over 
the mouth of the overflow pipe. The other |-inch hot-water supply- 
pipe is to be carried on Kitchen ceiling to China-closet, with f-inch 
branch down on Kitchen wall to Laundry wash-trays, and ^inch 
branch to pantry sink. Beyond the China-closet it is to divide 
into two ^inch branches, extending to wash-basins in second-story 
chambers, without any circulation or expansion pipe. 

Put three finished brass stop-and-waste cocks on hot-water supply- 
pipes in China-closet, to shut off pantry sink and wash- 

Stop-and- basins in second-story chambers separately, at pleas- 
Wast« Cocks, ypg^ j^u J drain the pipes. Put two cocks of the same 
kind over Kitchen sink, to shut off the sink or the Bath-room fixtures. 

Furnish and fit up in Bath-room and two chambers in second story, 
where shown or directed, three best 16-inch white earthenware 
overflow ground wash-basins. Each to be supplied with hot and 
cold water through ^-inch pipe, and No. 4 extra silver-plated cast-tube 
compression basin-cocks ; and to waste through plated socket and 
strainer, with plated plug and chain-stay, bolted to tlie marble, and 
plated safety-chain No. 1, 1^-inch lead pipe to main 
wastes with l^inch lead S-trap close to the outlet, and 
brass trap-screw, and 1^-ineh vent-pipe to main air-pipe. Connect 
the overflow with the traps by l^inch lead pipe, entering below 
the wat«r-line, to prevent circulation of air. 

Cover each basin with 1 j-inch, best quality, blue-veined Italian 
marble slab, dished, with all free edges ogee moulded, and with j-inch 
wall-plates of the same marble, 15" high, with ogee-moulded edges. 
Basins to be secured to marble with three brass basin olamps and 
bolts to each, and the joint to be made tight with plaster-of-Paris. 

Furnish and fit up in Bath-room, where shown or directed, one 6- 
foot 20-oz. ISteeger's] tinned and planished copper overflow bath, to lie 
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supplied with hot and cold water through j-inch pipe and |-inch extra 
silver-plated compression bath bibb-cocks; and to waste through 
plated socket and strainer, with plated plug and 
chain-stay, and plated safety-chain No. 2, with 2-inch 
lead pipe to main waste, and 2-inch lead S-trap, with brass trap-screw 
and l^inch lead vent-pipe to main air-pipe. Connect the overflow to 
i^e trap by l|-inch lead pipe, entering below the water-line. 

Furnish and fit up in ChinaKsloset, where shown or directed, one 
{^Steeger's] 24-oz. tinned and planished copper 14" x 20" flat-bottomed 
overflow pantry sink; to be supplied with hot and cold water 
through tall extra silver-plated upright core compression pantry- 
cocks, with screw nozzle for cold water ; and to 
waste through plated socket and strainer, and 2-inch 
brass Boston waste-cock, with silver-plated plate and lever, and l^inch 
lead pipe to main waste, with 4-inch round trap and 4-inch brass trap- 
screw, and l^inch lead vent-pipe to main air-pipe. Connect the over- 
flow to the trap by 1^-inch lead pipe, entering below the water-line. 

Cover with Ij-inch best quality, blue-veined Italian marble slab, 
dished, with all free edges ogee-moulded, and with f-inch wall- 
plates of the same marble, 15" high, with ogee-moulded edges. 

Furnish and fit up in second-story Bath-room, where shown, one 
[^H, C. Meyer jr Co.'s] white earthenware Brighton water-closet, and 
wooden cistern, lined with 16-oz. tinned copper, 16"x 16"x 24", inside 
measurement, with ^Meyer's] 4-inch brass cistern- 
valve, brass compression or Fuller ball-cock and 4-inch ^"^JJJJ^Ji^JJJl 
tinned copper float, cranks, lever, and plated safety- 
chain No. 2, polished black handle complete, and 1 J-inch 2J-lb. lead 
pipe to basin, and 1 J-inch overflow carried into basin supply. To be 
connected to branch of soil-pipe by 4-inch lead pipe and brass ferrules, 
and a 2-inch lead ventrpipe to be carried from -this pipe to main air- 
pipe. Connect the ventilation-pipe from back of closet by 2-inch 
pipe to range flue in chimney, making all tight. 

Furnish and fit up in Basement, where shown, one [^Hellytr^s] 
white earthenware short Artisan Hopper water- 
closet, with flexible metallic connection, and wooden Basement. ' 
cistern lined with 16-oz. tinned copper, 16" x 16" 
X 24", inside measurement, with 24-oz. two-gallon service-box. 
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brass compression ball-cock and 4-iDch tinned copper float, and 
IMeyer^s] 4-inch brass cbtern valve, cranks and all attachments 
complete for automatic seat-supply with preliminary and after flush, 
and l^inch 2j^ lb. lead pipe to basin with l^inch overflow connected 
to basin supply. To waste through 4-inch lead pipe to branch of 
soil-pipe, and a 2-inch lead vent-pipe to be carried from trap to main 
aix^pipe. 

Put Mott's enamelled iron slop-safe, of suitable 
shape, over bowl of each water-closet. 

Furnish and fit up in Kitchen, where shown or directed, one best- 
quality soapstone kitchen sink, 24" x 48" x 8", with grooved soapstone 

^. ^ ... drainin^c shelf and soap-dish, and soapstone back 16" 
Kltohen Sink. , . , °, ,.,.,,,,, 

high ; to be supplied with hot and cold water through 

|-inch pipe and j-inch finished brass compression-cocks, the cold water 
cock to have screw nozzle ; and to waste through 6-inch brass cess- 
pool and strainer, and 2-inch lead pipe to main waste, with 6-inch round 
lead trap and 4-inch brass trap-screw, and 2-inch lead vent-pipe to 
main air-pipe. Sinks to stand on wooden frame furnished by the 
carpenter. 

Furnish and put up in Laundry, where shown or directed, a 
set of four white earthenware wash-trays, of the Morahan Ceramic 
Co., one to have rubbing board formed in the porcelain. All to be 
WBAh-T ^^ complete by the plumber, and each to be supplied 

* with hot and cold water through j-inch pipe and 
|-inch finished brass compression wash-tray cocks. To waste 
through best l^inch silver-plated wash-tray strainers and coup- 
lings, with plated plugs, chain-stays, and plated safety chain No. 2, 
and to have one 6-inch round lead trap for the set of four trays, 
with 4-inch brass trap-screw, and separate l^inch lead waste-pipe 
from each tray, all entered into the trap below the water-line, with 
2-inch lead outlet pipe from trap to main waste, and 2-inch lead 
vent-pipe from trap to main air-pipe. 

Supply the wash-boiler, to be furnished and set by the mason, 

with cold water only, through |-inch lead pipe, carried 

Wash- oiler ^pQ^gij ^^p Qf i)oiler and neatly finished, with j-inch 

finished brass ground stop-cock on the pipe, in a con 
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Tenient position over the boiler. There will be no waste to this 
boiler. 

Bore through the sill of house under middle of front ba^, or else- 
where where directed, and put on outside a ]-inch ^„,,^j^^,. 
plated compression silK'ock, with screw for hose. 

Furnish and fit up on pier next to furnace a ^inch py mace Sup- 
finished brass compression bibb-cock for drawing ply- 
water. 

Line under all fixtures of every kind about the basement with 4-lb 
sheet lead turned up 2 inches all around, and to have convex brass 
strainer and 1-inch drip-pipes carried to basement and 
emptying over cistern of basement water-closet ; the 
end of pipe to dip below water-line of cistern. 

All the work is to be done in the very best, neatest and most thor 
ough manner, tested by turning the water on to each part. All de- 
fects to be made good at the completion of the building and all left 
perfect and warranted for two years. 

As soon as the pipes and traps are ready the traps are to be filled 
with water, and the whole system tested by closing all air-pipes and 
other outlets, and pouring 5 ounces of oil of pepper- 
mint into the top of the main soil-pipe, followed by ^wjennlnt 
two or three gallons of hot water, and immediately 
closing the top of the soil-pipe. This is to be done in the presence 
of the architect or of some person appointed by him, and if any 
odor of the peppermint is detected in any part of the house the 
plumber is at his own expense to search for and find the defect or 
defects which may have allowed the vapor of peppermint to escape, 
and make them all good. After repairing the defects so discovered, 
the test is to be repeated in the same way, and any further defects so 
detected are also to be made good at the plumber's expense, until 
the whole is satisfactorily proved to be tight and perfect, and all 
work is then to be restored and replaced in good order ; the whole 
cost of making such repairs, and of removing and replacing other 
work disturbed to obtain access to the pipes, with all expense of 
making good any damage so occasioned* and indemnity for delays 
to other contractors, to b^ paid by the plumber. 
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GAS-FITTING. 

[77^ gcM-JUting is often included in the plumber^ t conCroef.] 

Pipe the house for gan in the best manner in accordance with the 
regulations of the Gas Company, with outlets as 
marked on plans, [seventt/'two] outlets in all. All 
pipe to be best wrought-iron, and all fittings under 2-inch to be of mal- 
leable iron. All to be put together with red lead, capped, tested and 
proved perfectly tight before any plastering is done, and the caps 
left on. All pipes are to be laid with a fall towards the meter, which 
is to be placed [in furnace-cellar near west windoto] and all are to be 
well secured with hooks and bands. 

The gas-fitter is to call upon the carpenter to do such cutting of 
timbers as he needs, but no beams are to be cut, notched or bored at 
a greater distance than 2 feet from the bearing ; drop-lights where 
requisite to be supplied by special branches. All nipples to be of 
the exact length for putting on fixtures without alteration, and all to 
be exactly perpendicular to the wall or ceiling from which they pro- 
ject. Bracket outlets in all Halls and passages. Parlor, Dining- 
room, Kitchen, Bath-room, Furnace-cellar and Basement Water- 
closet, to be exactly 5' 6" above finished floor ; elsewhere to be 
exactly 4' 9" above finished floor. Mirror light outlets to be 8' 
above finished floor. 

Apply and pay all necessary charges for service-pipe from street 
main to inside of cellar-wall, and connect the service- 
^**llleterl"* pipe and house-pipes with the meter in the best man- 
ner, with stop-cock on the street side of the meter, 
and leave all perfect. 



HEATING- 

Furnish and set where shown or directed in Basement one best 
quality [iVb. 24 Peerlessli brick furnace, including galvanized-iron 
inverted cone top and covering bars, 8-inch galvanized-iron smoke- 
pipe, tin hot-air pipes, register-boxes, registers, soapstone borders, 
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plastering rings, wire nettings and dampers complete, and including 
also all cartage, transportation and labor of every kind except only 
mason and carpenter work. 

In First Story: The Front Hall is to have 12-inch pipe and 12" x 

15" register. 

8lze of Pipes 
The Back Hall is to have 12-inch pipe and and Registers 

12"x 16" register. 

The Parlor is to have 12-inch pipe and 12" x 16" register. 

The Dining-room is to have 12-inch pipe and 12" x 16" reg- 
ister. 
In Second Story : The Chamber over Dining-room is to have 10-inch 
pipe and 10" x 14" register. 

The Chamber over Parlor is to have 10-inch pipe and 10" x 
14" register. 

The Chamber over Kitchen is to have 9-inch pipe and 9" x 
12" register. 

The Chamber over Hall is to have 9-inch pipe and 9" x 12" 
register. 

The Dressing-room is to have 8-inch pipe and 8" x 10" reg- 
ister. 

The Bath-room is to have 8-inch pipe and 8" x 10" register. 

Each room is to have an independent hot-air pipe and all hot-air 
pipes to be double where they pass through floors or partitions, or 
behind furrings. The pipes are to be carefully arranged so that all 
may draw equally, with easy turns at every change of direction. All 
register-boxes are to be double; all tin-work to be of XX bright tin, 
and all wood-work within 1" of any hot-air pipe, or within 16" 
of the smoke-pipe, to be protected with pieces of bright tin, securely 
nailed on. All registers are to be of [^Creamer's] make, nil placed 
where shown on plans or as directed ; the one in Parlor to be nickel- 
plated ; all the others to be black japanned. 

Make and put up a cold-air box of galvanized-iron as shown by 
blue lines on plan, to be 22" x 31" in section, all riveted together in 
the best manner, and strongly secured to cellar ceil- 
ing. The mouth at each end to be flanged out to pro- 
tect the joint with the frame, and to have strong galvanized-wire net 
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tingi i" mesh, over the opening. Pat a sliding damper of galTanized- 
iron in each end, and make door 84" x 30'' for cleaning out» with 
button fastening. 

Furnish and put on in the best manner [ Whitens] automatic regu- 
lator, to act both upon the check-draught and the 
damper in the smoke-pipe, and leave all in perfect 
working order. 

Clean up the iron-work and leave it neat at the completion of the 
building, and furnish a shaking handle, poker and iron shovel. 

Furnish and fit up where shown in Kitchen one No. 5 [^Carpen- 
ter's] Range with water-back and couplings, and plate-warmer, all 
to be set complete, including all transportation and 
labor except mason-work. Clean up the range and 
leave it neat at the completion of the building, and furnish at the 
same time the usual list of tin and iron ware. 



Furnish and set up where directed in Laundry a [Walker's] No. 

^ ^ 1 stationary h 
aundry stove. i . 

smoke-pipe anc 

all to be left neat and perfect. 



1 stationary laundry-stove, with galvanized-iron 
smoke-pipe and zinc-covered stove-board complete : 



CONTRACTS. 

CHAPTEK IV. 

Not the least important o£ the young architect's duties is that of 
guarding the interests of his employer by means of a clear and ex- 
plicit contract with each of the mechanics employed on his building. 
In general the architect himself will have to draw up these instru- 
ments, the ordinary printed forms being quite inadequate for the 
purpose, and he will find the task not always an easy one. While 
it is incumbent on him to secure the best and safest terms for his 
employer that the contractors will agree to, he has no right to use 
unfair means to induce them to sign their names to stipulations of 
which they do not fully understand the meaning ; and if he wishes 
to be able to enforce the contract in case of need he cannot be too 
careful to express in the plainest language every point upon which 
it may subsequently be necessary to insist. 

In order to provide for all possible contingencies it is necessary to 
define the rights and duties of the parties under a great variety of 
circumstances, and a good contract will for this reason be somewhat 
long ; but this is better than a condensation which leaves loopholes 
for evasion or dispute. 

It must not be forgotten that contracts are often entered into un- 
thinkingly, which may prove very disadvantageous for one of the 
parties, and the architect must be careful to protect his principal 
from such mishaps. Thus the making of a bid for work by a me- 
chanic, and its unconditional acceptance by the owner, or the ar- 
chitect for him, constitute a valid agreement, by which the mechanic 
is bound to do the work, and the owner to pay for it, perhaps with- 
out any stipulations as to the time of completion, the terms of pay- 
ment, or other very important matters, which may have to be decided 
afterwards by costly litigation. For this reason many architects ac- 
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cept a tender only upon the condition that a satisfactory contract 
shall be signed by the party offering it ; but such a conditional ac- 
ceptance does not bind the latter, who is then at liberty to withdraw 
his bid, if he chooses, at anytime before the final agreement is signed. 
If, therefore, any tender should be particularly advantageous, it may 
be desirable to prevent its withdrawal by a prompt and definite ac- 
ceptance, and in order that this may carry with ib by implication 
the consent of the parties to at least the more important clauses of 
an ordinary contract, it is usual to employ the device of General 
Conditions, which are prefixed to every specification, and constitute 
a part of it ; and since the tender is always for doing work or f ur- 
nisliing material.according to the specification, the general conditions 
will be included in the terms to which the bidder offers to conform, 
and will be binding upon him if hi« bid is accepted. As the general 
conditions relate to the duties of the mechanic, not to those of the 
owner, the former will usually be very willing to exchange the one- 
sided agreement constituted by them, under which, for instance, the 
owner would not be required to make any payments before the com- 
pletion of the work, for a new one, defining the rights of both parties ; 
and the new contract may, and should, comprise the substance of 
the general conditions of the specifications, expressed in nearly the 
same words. 

A building contract is usually divided into two portions, the first 
of which is the simple agreement of one party to do a certain work 
for the other within a certain time, in consideration of a certain pay- 
ment, which the latter promises to make ; while the second comprises 
the conditions which explain, or modify the principal agreement. 
The first portion, comprising the essence of the contract, should be 
drawn up with special care, and although expressed in the briefest pos- 
sible terms, it should be made to include the points regarded as most 
important. In English contracts the principal agreement is general- 
ly written without any punctuation except periods at the ends of the 
sentences, the object of this being as much to enforce clearness of 
expression as to prevent the possibility of fraudulent or careless 
change in the sense by the alteration of points, and the practice 
seems to be a useful one. The conditions which follow may have 
ordinary punctuation or not, but it is not easy to make them intelligi- 
ble without it. 
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Whether contracts should be sealed by the signers or not is per- 
haps doubtful. A simple agreement, in which a consideration is 
expressed for each promise, would not require seals, 
but among the many and various stipulations of a 
building contract some might possibly be regarded as promises to 
which the consideration did not apply, and a seal would be required 
to make these valid : so that it seems to be a reasonable precaution 
to affix them. 

In some states building contracts must be recorded by the proper 
public officer, and the law in this respect should be ascertained by 
architects practising beyond the boundaries of their own state. The 
statutes in regard to the liens of mechanics and material-men also 
vary in different states, and are frequently changed, so that some 
care is necessary to secure owners absolutely against loss by the dis- 
honesty or bankruptcy of the builder. In most states the right of 
mechanics to file liens against a building or estate to recover the 
amount of their wages for work upon it is barred at the expiration 
of thirty days from the time that they cease their labor, so that if 
the record after this time shows no lien to have been filed, the con- 
tractor may be paid the balance due him in full, without fear that 
the workmen can demand an additional sum. Where sixty days or 
more are allowed by law for filing liens, the last payment to the con- 
tractor must be deferred until after the lapse of this term, allowing 
a few days more to give opportunity for examining the record. Liens 
for materials furnished to a contractor can in most states only be 
claimed by giving notice to the owner of the building in which they 
are used, before they are delivered, that he will be held responsible 
for the price of them, and he can then retain the amount out of the 
payments to the contractor, or he can notify the dealer that he will 
not receive them, and the latter can then only look to the builder for 
his pay. 

With these explanations, the clauses in the following form of con- 
tract will be sufficiently clear. The insurance clause may need 
modification according to circumstances, but the important points 
are to make sure that the builder's interest will be covered, so that 
in case of loss he may not be thrown into bankruptcy, to the injury 
of the owner ; and to define clearly the mode in which the policy 
shall be taken out and paid for, so that the building may not be left 
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unprotected throngb any misunderstanding between tbe owner and 
contractor as to each other's duty. 



CONTRACT FOR BUILDING 

Made this ffieenth day of September in the year 1888 by and be- 
tween James Johnson of Albany in the County of Albany and State 
of Neto York party of the first part and Thomas Smith Richard 
Smith and Henry Smith of Melrose in the County of Rensselaer and 
State aforesaid copartners doing business under the Jirm name and 
style of Smith Brothers builders party of the second part. 

The said Smith Brothers party of the second part for themselves 
and each of them and each of their heirs executors administrators 
and assigns hereby covenant and agree to and with the said party of 
the first part his heirs and legal representatives in consideration that 
the party of the first part agrees to perform the consideration herein- 
after mentioned to make erect build and finish for the said party 
of the first part his heirs and assigns a dwelling-house on land of 
said party of the first part on Fairfield Street in said Melrose in- 
cluding all the excavation and grading mason-toork plastering car- 
penter-XDork roofing painting and glazing but exclusive cf plumbing 
gas-fitting and heating and to furnish all the materials of every 
kind labor scaffolding and cartage for the full completion of the 
said excavation and grading mason-work plastering carpenter-work 
roofing painting and glazing and they agree to supply said work 
and materials in strict accordance with the drawings and specifica- 
tions made by Edward Tyro of said Albany architect which said 
drawings and specifications are and are to bo taken and deemed to 
be a part of this contract by both the parties thereto and all things 
which in the opinion of the said architect may fairly be inferred 
from such drawings and specifications to be intended without being 
specially stipulated are to be taken as expressly specified and all 
the materials are to be supplied in sufiicient quantity and where the 
quality is not otherwise described in the specifications the best 
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quality of materials is specifically implied throughout and the 
said Smith Brothers party of the second part covenant to perform 
the whole of their agreement in the best most substantial and most 
workmanlike manner subject to the directions from time to time 
and to the satisfaction of the said architect or his successor ap- 
pointed by the party of the first part and to deliver their work 
completely finished on or before the Jlfleenih day of April next. 

And the said party of the first part hereby promises and agrees 
in consideration of the promise of the party of the second part to 
perform the foregoing covenants to pay to the said party of the 
second part the sum of six thousand four hundred and ninety-seven 
dollars ($6,49 7) in four several payments as follows : — 

The first payment to be Fifteen Hundred Dollars ($1,500) when 
the roof is on and boarded. 

The second payment to be Fifteen Hundred Dollars (Sl^SOO) when 
all the outside work including piazza and porch is done and painted 
one coat and the mason-work and plastering finished and the sashes 



The third payment to be Fifteen Hundred Dollars (SI, 500) when 
the standing finish is done and the upper floors and stairs completed 
and the second coat of paint on the outside. 

And the balance thirty-three days after the said work shall have 
been completely finished and delivered and accepted by the said 
party of the first part unless some defect shall meanwhile have 
been discovered in the said work. 

Provided however that no payment shall be made except upon 
the certificate of the said architect or his successor that the work 
for which said payment is to be made is properly done and that 
the payment is due such certificate however not exempting the 
party of the second part from liability to make good any work so 
certified if it be afterwards discovered to have been improperly 
done or not in accordance with the plans or specifications and pro- 
vided further that prior to each payment by the party of the first 
part a satisfactory certificate shall have been obtained to the effect 
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that the estate or building upon or for which the work is done is at 
the time when the payment is made free from ali mechanic's liens 
and other claims chargeable upon said building or estate and in- 
curred by said party of the second part. 

And it is hereby further agreed by and between the said parties 
hereto that the drawings and specifications are intended to cooper- 
ate so that any works shown on the drawings and not mentioned in 
the specifications or vice versa are to be executed by the party of 
the second part without extra charge the same as if they were both 
mentioned in the specifications and shown on the drawings. The 
said party of the first part or the said architect with the consent of 
the party of the first part shall be at liberty to order any variations 
from the drawings or specifications either in adding thereto or 
diminishing therefrom or otherwise however and such variations 
shall not vitiate this contract but the difference in cost shall be 
added to or deducted from the consideration of this contract as the 
case may be by a fair and reasonable valuation and the architect 
shall have power to extend the time of completion on account of 
alterations or additions so ordered such extension to be certified by 
him to the party of the first part at the time when such order for 
alterations or additions is given. Orders for changes which do not 
affect the cost of the work may be given by word of mouth but no 
order for any change which increases or diminishes the cost of the 
work or affects the time of completion shall be valid unless given in 
writing. 

19 either the whole nor any portion of this contract shall be 
assigned or sub-let by the party of the second part without the writ- 
ten consent of the party of the first part. 

If the said party of the second part shall fail to complete the 
said works including all variations should such be made at or be- 
fore* the time agreed upon with such extension if any in the case 
of extra work as may have been made and certified by the architect 
then and in that case the said party of the second part shall forfeit 
and pay to the said party of the first part the sum of Ten dollars 
($10) for each and every day^that the said works shall remain un- 
finished after the time agreed upon for their completion unless in 
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the opinion of said architect such delay could not with reasonable 
diligence and prudence have been avoided or foreseen by the said 
party of the second part the sums so forfeited to be retained as 
liquidated and ascertained damages out of any money that may then 
be due or owing or may thereafter become due or owing to the said 
party of the second part on account of (Aetr work and materials 
under this contract. 

If the said party of the second part shall become bankrupt or in- 
solvent or assign ihdr property for the benefit of creditors or 
become otherwise unable themselves to carry on the work or shall 
neglect or refuse to do so at any time for six days in the manner re- 
quired by the architect or shall refuse to follow his direction as to 
the mode of doing the work or shall neglect or refuse to comply 
with any of the articles of this agreement then the said party of the 
first part or his agent shall have the right and is hereby empowered 
to enter upon and take possession of the premises with the mate- 
rials and apparatus thereon after giving two days' notice in writing 
and thereupon all claim of the said party of the second part tlieir 
executors administrators and assigns shall cease and the said party 
of the first part or his agent may after using such of the materials 
already on the ground as shall be suitable provide other materials 
and workmen sufficient to finish the said works and the cost of labor 
and materials so provided shall be deducted from the amount to be 
paid under this contract 

All materials shall be the property of the party of the first part 
as soon as they are delivered on the ground subject only to the right 
of the party of the second part to remove surplus materials at the 
completion of the building but no materials are to be paid for 
before they are set in place in the work. 

The said party of the first part shall keep the said building at all 
times fully insured against loss by fire for the benefit of whom it 
may concern and in case of loss the indemnity shall be divided be- 
tween the parties hereto according to their respective interests in 
the property destroyed. The said party of the second part shall be 
solely responsible for all loss failure- or damage from whatever 
cause to the said works loss by fire alone excepted until the whole 
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is delivered and accepted by the party of the first part and shall 
give all necessary assistance to the other mechanics employed in the 
building and shall be solely responsible for any delay to their oper- 
ations or damage to their work or materials or to neighboring prop- 
erty or to the persons or property of the public by the workmen or 
through the operations of the said party of the second part. 

And for the faithful performance of each and every the articles and 
agreements hereinbefore contained the said parties hereto do here- 
by bind themselves their heirs executors administrators and assigns 
each to the other in the penal sum of Three Thousand Dollars 
($8,000) firmly by these presents. 

In Witness whereof the said parties hereto have hereunto set 
their hands and seals the day and year first above written. 
In presence of 

Edward Ttbo (Jambs Johnson, [Seal.] 

to both. ( Smith Brothers. [Seal.] 



CONSTRUCTION OF A TOWN-HALL. 



CHAPTEB y. 

The third division of our sabject will treat of a more complicated 
piece of construction than either of the preceding, and will lead us 
into the consideration of stresses and the resistances of materials in 
a way which should be familiar to every young architect. The 
habit of analyzing designs with regard to their merit as structures 
is one of the most valuable that such persons can form. To say 
nothing of the importance of acquiring that constructor's instinct 
which 18 the best safeguard against the slips that often bring dis- 
credit upon the most highly trained men, this same constructor's in- 
stinct, built up, so to speak, by the constant consideration and 
appreciation of weights, thrusts and resistances, is the main element 
of power in architectural design. A certain amount of prettiness, 
and even of theatrical picturesqueness, is within the reach of the 
architect who cares and knows nothing about the concealed con- 
struction which is to hold up his pretended arches and lintels, 
but the mind soon tires of detected sham, while it finds ever increas- 
ing pleasure in the masterly ease and originality which come from 
the skilful handling of brick, stone and wood as materials to be 
frankly used in satisfying the various conditions of modern struct- 
ures. With us, unfortunately, certain important classes of building, 
such, for instance, as city dwelling-houses, have fallen into a routine 
of construction, which, if not positively vicious, offers at least few 
opportunities for the solution of novel problems ; so that it is all the 
more important for the younger members of the profession to seek 
out and study special constructions, in order to keep their minds 
prepared for the difficult programmes which will sooner or later be 
set before them. 
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How*this may be done can best be shown by means of an example 
which is to be considered in the way in which an intelligent architect 
would either study the details of his own design, or would criticise 
the work of another. The problem chosen is that of a town-hall, 
measuring seventy-five by one hundred and fifty feet, containing 
municipal offices in the basement and first story, and a single large 
room above for public entertainments. This room is divided into 
auditorium and stage by a brick wall, the proscenium-arch being a 
real construction of stone. The thrust of the arch is resisted on one 
side by the weight of a tower, which rises to a considerable height 
above the roof, and contains a fire- proof staircase, as well as a ven- 
tilating shaft, and on the other by the wall of a small dressing-room. 
Opposite the proscenium-arch is the gallery, under which is the 
main staircase, with ante-rooms on each side. The auditorium is 
covered by an open-timber roof, with hammer-beams and curved 
braces, while the stage and gallery have roofs of simpler construc- 
tion. The exterior walls are of brick, with strings, lintels and other 
work of stone, and all interior walls are of brick, except a few light 
framed partitions. 

In order to shorten the calculations as much as possible, the floor- 
plan is made extremely simple ; the object being merely to illustrate 
principles. The structure is to stand on piles, driven through made 
ground to a stratum which, although not possessing great resistance, 
forms the best foundation within reach ; and as it is essential to cut 
off the piles under the water-line, which is here fifteen feet below 
the curb, this distance will be the height of the foundation-walls, in- 
cluding the footings. As usual in all buildings, the plan of the upper 
story determines that of the sub-structure, and the distribution of 
the weights and thrusts of the proscenium-arch and roof must be 
the first step toward the laying out of the foundation-plan. 

We will make our provisional plan without windows or parti- 
tions, since the latter will depend somewhat upon the distribution 
of the former, and these again upon the spacing of the roof- 
trusses, which is yet to be decided. Figure 175 shows therefore 
the outline of the main walls of the first story, and Figure 1 76 those 
of the second story ; the tower and the other cross-wall which serves 
as abutment to the great arch being indicated, as well as the oat 
line of the roof. 
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As we wish, for the sake of greater security against fire, to 
cut off the upper portion of the stage entirely from the auditorium, 
by carrying the proscenium-wall through the roof, the profile of the 
roof will determine that of the wall, which will, however, project a 

foot or more be- 
yond the slates. 
This being fixed, 
together with the 
heights of the va- 
rious stories, we 
must design the 
proscenium 
opening, taking 
into considera 
tion the propor- 
tions of height 

and width which we desire it to have, and the consequent pressure 
which must be resisted. This will give us the length of the cross- 
walls which form its abutment on each side. 

We may next study the main walls, first determining the thickness 
required for stability under the given conditions of height and length, 
and then adding 
to this whatever 
additional mass 
may be neces- 
sary, either in 
the form of ex- 
tra thickness or 
of internal or 
external but- 
tresses, to resist 
such horizontal 
thrust as may be 
exerted by any 
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Fig. 176. 



portion of the roofing. This will involve the consideration of the 
trusses for various portions of the roof, and the fixing of such forms 
and spacing as best meet the conditions to be fulfilled. The choice 
among the different modes of buttressing may depend here on the 
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effect which we wish to secure in elevation, since so far as interior 
convenience or acoustic effect is concerned it makes little or no 
difference whether the pressure of the roof is resisted by the mass 
of a plain wall, 
by internal pilas- 
ters, external but- 
tresses, or the 
weight of pinna- 
cles. 

As the form of 
the wall above, 
and the distribu- 
tion of the weights 
upon it, whatever 
* may be its plan, 
must substan- 
tially determine 
those of the wall 
below it, we shall 
now have the 
main features of 
the exterior ma- 
sonry, and can 
go on confidently 
with the study 
of the elevations. J 
The thickness and "«• '^^• 

position of the interior walls and piers will, however, depend some- 
what on the mode of supporting the floors, and this point should be 
generally fixed upon at the outset, more accurate determinations 
being made subsequently. There is not much danger in such a 
building of imposing too great a crushing strain upon any of the 
materials, but it is best to keep the strength of brickwork and stone 
in mind, and to guard against diminishing unduly the size of piers 
between openings, either external or internal. 

In order, however, that our conception of the problem to be solved 
may include all the essential conditions, we must, before proceeding 
beyond the most general outline of our design, know something of 
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the foundation which is to support our building, and this will be all 
the more necessary in the present case, since the bearing stratum 
to which the piles are to be driven is not of very firm consistency. 

If we proposed to put an unusual weight on any part of the foundf^ 
tion, by carrying the tower to a considerable height, or in any other 
way, it would be necessary, besides driving trial piles at different 
points within the site of the intended structure, to show the hardness 
of the bearing stratum, to ascertain also its thickness, and the charac- 
ter of the material below it, by boring through it with an auger which 
will bring up in its hollow a portion of the formations which it 
traverses, but our building being considerably lighter than others in 
its neighborhood, which have stood for years safely on foundations 
about which no special precautions were taken, we need hardly 
fear the disruption of the bearing stratum itself under the weight of 
the building, provided the load is so distributed over the piles that 
none of these will settle after the structure is completed. Just how 
much weight ean safely be placed on each pile under our building 
cannot be known until they are actually driven, since the consistency 
of a bearing stratum such as we have to deal with varies greatly in 
different parts of a given area, but we can form an approximate 
opinion by observing the driving of those for works in the neighbor- 
hood. We will therefore inspect for a few minutes the operations 
taking place in the cellar of a new block of stores near by. The 
piling for one of the party-walls is just started, and we observe that 
the length necessary to reach the bearing stratum is about thirty-five 
feet. The piles are of spruce, most of them perfectly straight, al- 
though we notice some crooked ones being hastily rolled to an incon- 
spicuous position as we approach. We see one swung under the 
hammer of the machine, and the driving begun. The pile sinks 
rapidly, and at a nearly uniform rate, through the gravel filling, until 
its head is within two feet of the surface of the ground, when the 
blows are seen to meet with greater resistance ; the hammer rebounds, 
and the ground is felt to quiver, while the sinking of the pile under 
each stroke is but five or six inches, instead of a foot or so. The 
shaking of the ground indicates that the bearing stratum in that place 
is thin, and there is danger that it may be broken through, so the 
foreman orders a man to climb half-way up the machine and de. 
tach the hammer by hand, so as to lessen the distance through which 
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it falls, and with it the force of its impact upon the head of the pile. 
Stepping up to the machine, we now ascertain the rate at which the 
pile sinks under the blows, by marking on one of the standards with an 
old nail the position of the top of the hammer after two successive 
blows, and measuring the distance between them. For two blows 
the sinking is five inches, then it falls to four, and then to three inches. 
The next stroke drives it three inches more, and the foreman gi?es 
the signal to stop. As the machine is being shifted to a new place 
we inquire the weight of the hammer, and learn that it is 1650 
pounds, and we ascertain, also, that the height from the ground to 
the point at which it was detached for the last few blows is 15 feet. 
We have now the data for determining the weight which can be 
placed upon the head without fear of its sinking under it, by Sanders's 
formula, ^^ =, W, 

in which F= Fall of the hammer in inches. 

S= Sinking at last blow in inches. 

Hz= Weight of hammer in pounds. 

W= Safe weight in pounds. 

In our case F=180; -H"=1650; 5=8; and the formula gives 

^ g^ 3 . = 12375 pounds, which is the safe weight required. The 

next pile, with the same fall and the same hammer, sinks only two 

inches at the last blow, which, if substituted in the formula, would 

180 X 1650 

give —g -2"= 18562.6 pounds as the safe weight. Most of the 
piles, however, give a minimum sinking of three inches, further 
driving increasing rather than diminishing the rate, by the penetra- 
tion, as the foreman informs us, of the bearing stratum ; and the 
corresponding safe load of 12,375 pounds must be accepted for the 
present as the standard upon which our calculations should be based. 
,We notice that the piles for the party-wall are being driven in a 
double row, spaced two feet apart from centres in the direction 
transverse to the line of the wall and three feet from centres in the 
same direction as the wall; and, curious to learn what load the un* 
known builder proposes to place on them, we ask to see the plan?, 
which are in a tool-chest on another part of the ground. These 
show a row of three-story stores with finished basements, each 23 
feet wide from party-line to party-l>«\e. The walls scale 45 feci 
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high from the curb-level, and we know that the depth from this level 
to the top of the piles must be 15 feet. As the party- walls have no 
pressure of earth to support, they have but two courses of stone 
footings; one, immediately above the piles, being 3 feet wide and 18 
inches high, while the second is 2 feet wide and also 18 inches high. 
This is equivalent, in a rough estimation of weights, to an addition 
of 4 feet 6 inches to the height of the wall, which, above the foot- 
ings, is of brick, 12 inches thick, making the virtual height of the 
wall 64 feet 6 inches. At 112 pounds to the cubic foot, which is a 
fair estimate for brickwork, but low for stone-work, the weight of 
each foot in length of the wall will be 7,224 pounds. To this must 
be added the weight of the floors and roof and the probable loads 
upon them, which in a retail country store may safely be taken at 
100 pounds to the square foot. The roof, which in this case is 
covered with tar and gravel, will require about the same allowance. 
The clear span of the floors is 22 feet, and the party-wall supports 
half the floor on each side of it, or 22 feet in all. Counting that of 
the basement, which is framed just like the others, there are four 
floors besides the roof, and the total floor and roof load supported 
by each foot in length of the party-wall will therefore be 5 X 22 X 
100=11000 pounds. The weight of each foot of the wall itself, 
as we just ascertained, is 7224 pounds, so that the total pressure at 
the bottom of the wall is 18224 pounds to each foot in length. The 
piles being spaced 2 feet apart transversely, and 3 feet longitudi- 
nally, there are but two piles under every 3 feet in length of the 
wall; so that each pair of piles has to support 3 X 18224 = 54672 
pounds of wall and floor load, making 27836 pounds to each pile. 

But we have ascertained by Sanders's formula that the safe weight 
upon the piles under the conditions which we find to exist is but 
12,375 pounds; so that if the plans are carried out they will be 
loaded to more than double their safe capacity. After satisfying our- 
selves that our calculations are correct, we call the attention of the 
foreman of the pile-drivers to them. He shrugs his shoulders at 
first, and mutters something about "book-larnin," and ** practical 
men," but is finally brought to admit that if the building had been 
his, he would, considering the softness of the ground, have put a 
triple instead of a double row of piles under the wall, and made the 
spacing in each direction 2 feet, which is as near together as long 
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piles can be driven without danger that thej maj force each other 
up from their solid bed on the bearing stratum. This would give 
S piles for the support of every 2 feet of wall, and would bring the 
load on each within the safe limit. ** However/' the foreman adds, 
in a burst of confidence, " I aint got nothin' to do with that. They 
give me the piling plans, and I go by 'em ; and anyhow, I guess 
these are only speculation buildin's.'* That they are likely in this 
case to fulfil the condition required of them — to hold themselves 
up until they are sold — we cannot deny, and we forbear to meddle 
further with what is clearly not our business. 

Nevertheless, we should be sorry to run the risk of seeing in our 
own building after a few years the evidences of incipient settleaient, 
the joints of the brickwork opening, and the lintels and interior 
plastering cracking ; and we resolve to keep the weights on the 
piles within the safe limit. 

We are now ready to put the drawings into definite shape. Be- 
ginning with the proscenium-arch, whose form we wish first to 
determine, we consider what requirements of width and height it is 
necessary to conform to, and reflect that as the hall will often be 
used for balls, fairs and other entertainments, which will fill it to its 
utmost capacity, it is desirable to make the proscenium opening as 
wide as possible, in order that the stage may not be too much sepa- 
rated on such occasions from the auditorium. Allowing only a small 
projection on the inside of the tower wall, with an abutting wall on 
the other side of the arch of the same width, we shall have an 
opening of 44 feet in width, which is ample for our purpose. The 
height, however, is restricted by the consideration that the height of 
ordinary theatrical scenery is limited, and it is desirable to avoid the 
necessity for wide " sky borders " to fill the space between the top of 
the scenes and the soffit of the arch ; while it is also of importance in 
checking the spread of fire from the upper portion of the stage to the 
auditorium not to make the proscenium opening unnecessarily lofty. 
A glance is sufficient to show us that the arch, loaded as it is most heav- 
ily at the crown, must have considerable rise, unless it is made of seg- 
mental form, which would involve a thrust beyond the power of the 
limited abutments to support with safety. We will for the first trial 
give the arch an elliptical shape, making the rise 14^ feet, with 44 
feet span, and taking the depth of the arch-stones at 8 feet. Laying 
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oat the arch and the wall above it in elevation at a large scale we have 
the elements necessary for determining approximately its stability. 
A diagram of one^half the arch is sufficient, as it is symmetrically 
shaped and loaded, so that the line of pressure will be the same on 
each side of the centre. 

This line will show us the direction of all the forces which act upon 
the arch and its abutments, and if it fulfils two essential conditions 
the arch and its abutments will be stable; if not they will be danger- 
ously weak or fail altogether. 

These requirements are : — 

1. The curve of pressures in the arch most lie wholly within the 
middle third of the voussoirs. 

2. The line of pressure prolonged through the abutment must 
strike well within the base of the abutment. 

The reasons for these will be readily seen. If the line of press- 
ure passes through the central line of the voussoirs, the crushing 
strain due to it will be equally distributed over the surface of each 
Joint, but any deviation from a central position gives an inequality 
in the distribution of the strain which increases very rapidly with 
the variation of the pressure-curve from the central line. So long 
as the curve remains within the middle third of the depth of the 
voussoirs, the strain upon each joint is one of compression only, al« 
though it may be unequally distributed; but when it reaches the limit of 
the middle third, the crushing strain at the nearest edge of the joint 
is twice as great as when equally distributed, while that on the more 
remote edge is reduced to zero ; and beyond this, while the compres- 
sion of the nearer edge is increased to a hazardous extent, the strain 
on the other edge passes into one of tension, which, if there should 
be any opportunity for movement, will open the joints, and bend and 
dislocate the arch until it falls. This is a fatal defect, and the bound- 
aries of the middle third of the voussoir, beyond which the pressure 
line cannot pass without producing a tensile strain either at the ex- 
trades or in trades, must be strictly regarded. * 

The second requirement, that the resultant of all the forces acting 
upon the abutment must strike within its base, is obviously a neces- 
sary one, for otherwise the effect of the combined pressures would be 
to overturn the abutment, as often occurs with arches carelessly de- 
signed. If the abutment were a solid and unyielding mass, it would 
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be of any width, but it saves trouble in computation for a large arch 
to make them each two feet wide as far as possible from the centre 
line. If the span of arch is not a multiple of 2 feet, the width of the 
last slice but one will be a fraction of two feet. The inner edge of 
the last slice, marked X^ must just touch the springing of the arch, 
and the outer edge must touch the extrados of the first voussoir. In 
the present case, the bed of the first voussoir being horizontal, and 
the depth three feet, the width of the slice X will also be three feet. 

We have now to find the vertical line in which lies the centre of 
gravity of each of these slices, and from that the vertical drawn 
through the centre of gravity of the entire half-arch and its load. 
If the slices are taken small enough, the centre of gravity may 
without appreciable error be assumed to lie in a vertical drawn 
midway between the lines bounding the slice, and we have only to 
draw the short lines shown in that position. The relative weight of 
each slice is next to be obtained, and as in a wall of homogeneous 
masonry this will be proportional to the areas of the slices, we need 
only calculate these, leaving the thickness of the wall and the weight 
per cubic foot as constant factors, to be supplied in case we wish to 
determine any actual pressure from the relative ones which the dia- 
gram will give. 

Measuring with the scale the length of the two vertical sides of 
each slice, dividing their sum by two and multiplying by the width, 
will give their areas in square feet, which we mark as shown. 

We have next, for the sake of simplifying our work, to make two 
assumptions, which experience shows to be justified, although they 
have no theoretical foundation. One of these is that the pressure- 
curve passes through a given point at the crown of the arch ; and 
the other, that it also passes through a given point at the springing. 
If these two points are fixed, the rest of the corresponding curve is 
easily found, and for ordinary purposes we can safely suppose them 
to be so by the adhesion of the mortar and general inertia of the 
masonry. For a semi-circular or semi-elliptical arch, which natu- 
rally tends to rise at the haunches and descend at the crown, it is 
usual to make these points coincide with the outer limit of the middle 
third of the voussoir at the crown and springing, as at C and 5 in 
the figure. For pointed and segmental arches, which under ordi- 
nary circumstances tend to rise at the crown and descend at the 
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haunches, the points fixed should coincide with the inner limit of the 
middle third of these voussoirs. If, however, a pointed or segmen- 
tal arch is most heavily loaded over the crown, so that its natural 
disposition to rise at that place is counteracted, the fixed point maj 
be at the outer third, either at the crown alone, or both at crown and 
springing, as may seem best suited to the circumstances. 

In the case of our elliptical arch, the points C and S being the 
ones assumed to be fixed, we will prolong the centre line of the 
arch and load indefinitely downward, and then space off upon it in 
succession the weights of the slices of the arch and its load, or 
rather, of the areas which stand as the abbreviated form of those 
weights. Any scale may be taken, as these dimensions have nothing 
to do with those of the arch itself. At the scale we adopt, 92, the 
number representing the area of the first slice, will extend from C to 
1 ; 87^, the second slice, from 1 to 2; and so on, 11-12 representing 
the last slice. 

Nei(t, take a point O, at any distance to the left of the line C-12, 
and opposite its middle point; draw C, 1, 2, and so on, to 
12; the simplest way of doing this being to draw C O and 12 at 
45^ with the vertical, which will give at their intersection. 

Draw now, from the intersection of C with the centre line of 
the first slice, anotlier short Ime, P Q, parallel to 1, until it inter^ 
sects the centre line of the second slice ; then from this point, paral- 
lel with 2, to the centre of the third slice, and so on, the last line, 
X y, being parallel to O 11. From Fdraw a line downward paral- 
lel to 12, until it intersects C O at (?. A vertical drawn through 
G will pass through the centre of gravity of the arch and its load. 

If the half-arch and its load were in a single piece, supported at 
5, they would be acted upon by three forces, namely : — 

A horizontal pressure, proceeding from the key of the arch, and 
caused by the push of the other half-arch ; the force of gravitation, 
acting vertically on the line of the centre of gravity ; and the reac- 
tion of the abutment, which serves to oppose the other forces and 
maintain the whole in equilibrium. These three forces must meet at 
a common point, since otherwise they would not balance each other; 
and as the horizontal and vertical forces are fixed in direction, this 
point must be at their intersection, or at F. We have already as- 
sumed that the line of pressure in the abutment, which is the same 
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as the line of reaction against the pressure, sliall pass through 5; 
hence, as jP is already found, F S must show the direction of the 
thrust at S, We have yet to find the amount of the pressure ; but 
we know that, like every other oblique force, it can be decomposed 
into a vertical and a horizontal pressure, which will be represented 
by the adjacent sides of a rectangle of which the original force 
forms the diagonal ; and as the vertical component is obviously equiv- 
alent to the sum of the weights of the small slices of the arch and 
its load, which furnish the only vertical pressures, and are already 
laid out from C to 12, we have simply to take JP T, equal to C 12, 
and draw the horizontal !r«/, intersecting the prolongation oi F S 
at /. Then J F^ at the scale to which the other pressures are 
drawn, shows the amount and direction of the oblique reaction act- 
ing through jSi, and applied at F, and F T and T J show the amount 
of the vertical weight and horizontal thrust by which it is balanced 
at that point. 

The arch and its load not being, however, a solid mass, but com- 
posed of small parts, mutually wedged against and supporting each 
other, the actual direction of the pressures is not the broken line 
C F S, but a curve, or rather a curved series of short straight lines, 
coinciding with C F S only at the extremities C and S, and varying 
in direction with the gradually accumulating weight of the succes- 
sive slices of the arch and its load from the centre. To facilitate 
the drawing of the diagram, we prolong F C horizontally, and draw 
12 W parallel to J F. As C 12 is equal to F T, C W ia equal to 
/ Tf and, like it, represents the horizontal thrust at the key of the 
arch, while 12 W represents the oblique pressure at the springing S. 
The pressures at successive points in the arch will then be repre- 
sented, both in direction and amount, by lines intermediate between 
these two, and if we draw to W lines from the points 1, 2, 8, and so 
on, which correspond to the weights on the central lines of the slices 
of the arch and its load, we shall have the successive directions of 
the curve of pressures at its intersection with those lines. Nothing 
then remains but to draw C L horizontally, L M parallel to 1 TF, 
M N parallel to 2 TT and so on to S, where the line will coincide 
with that previously found. 

By referring to the diagram, it will be seen that the compressive 
strain upon the arch-stones grows continually greater from the crown 
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to the springing, the horizontal component remaining alwajs the 
same, while the vertical component increases. 

Having found the line of pressures, it remains to see whether it is 
contained in the middle third of the voussoirs. A glance shows us 
that this is not the case, and the arch is impracticable. 

If it were built it would bend outward at R, and sink at the crown ; 
the inner edge of the voussoirs would crush at the points where they 
are crossed by the pressure-curve, and the whole would fall. 

There is nothing for it but to design a new arch, and as the curve 
of pressures varies with every form of arch, a new curve must be 
constructed for each. After trying an ellipse of greater rise, and 
then a circle, all in vain, we are led to the pointed arch, as being the 
only one adapted for a large span, with the maximum load on the 
crown, and by laying out such a curve, as shown in Figure 1 79, we suc- 
ceed in passing the curve entirely through the middle third of the 
voussoirs, taking these at three feet long. 

We have now three more points to determine : 1. Whether the 
abutment is sufficient to resist the thrust of the arch safely. 2. 
Whether the pressure upon any arch-stone will be so great as to risk 
crushing it ; and 8. Whether the inclination at which the pressure is 
applied upon any voussoir, or any course of masonry in the abutment, 
is so great that the superincumbent mass will be in danger of sliding 
on it, instead of simply pressing against it. As we have seen, the di- 
rection of the thrust of the arch at its springing is shown by the line 
FSf and if the arch .and its load were required to be held in equilib- 
rium by an inclined column, for instance, the line / S would show 
the position of the axis of the column. We have here, however, to 
resist the thrust, not a rigid support, but a mass of considerable 
weight, which will add- a vertical pressure due to this weight, to the 
inclined tlirust, modifying its direction as well as its amount, and we 
must find the modified direction of the pressure before we can deteiv 
mine whether it will fall upon the base of the abutment so far within 
its outer face as we have found to be required for perfect safety. 

Strictly, the modified line of thrust through the abutment would be 
a curve, since the vertical component accumulates as we follow the 
pressure line away from the springing of the arch ; but for our pres- 
ent purpose we need only ascertain the point and direction of its 
application at the base of the abutment. To do this, it is sufficient. 
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three equal parts, the first point of division, V, showing the positioa 
of the centre of gravity, as required. From V we now drop a 
vertical line intersecting the pressure-line iS/ at £^; this will give 
the point of application of the vertical component of the new press- 
ure-line. To determine the amount of this component, we measure 
the area of the abutment trapezoid as has already been done with 
the slices of the arch and its load, and obtain 507 as the result. We 
lay this ofiE from 12 to IS, on the same vertical line that measures the 
vertical pressures of the slices of the arch and its load, and at the 
same scale, and then draw 18 W^ which gives the direction uid 
amount of the total combined pressures of the arch, load, and abut- 
ment. Transferring the direction of the final pressure so as to inter- 
sect K, the actual point of application, we find that it will strike the 
base of the abutment at R, which is nearer the vertical dropped 
from the centre of gravity of the abutment than half the distance 
between this vertical and the exterior face of the abutment, and the 
abutment may therefore be relied upon as stable under the given 
pressure. 

We must now test the second point of safety in our arch, and as- 
certain whether the pressure at any given joint is greater than the 
stone can be relied upon to resist. The greatest pressure, as we see at 
once from the diagram, is at the springing line. Scaling the line 12 Wt 
which represents this pressure, we find it to measure 1140, at the 
scale of this part of the diagram. This, however, being expressed 
in terms of superficial feet, must be multiplied, to find the pressure 
which it represents, by the number of pounds which a portion of 
the wall one superficial foot in area will weigh. The wall is 16 
inches thick, and at 112 pounds per cubic foot the weight required . 
will be 149 pounds. The total stress at the springing will be there- 
fore 149 X 1140 = 169860 pounds. The area of the joint is 36 X 16 
= 576 square inches, and the pressure will therefore average 
169860 -7- 576 =-295 pounds, which is far within the limit of safety. 

The determination of the third point, whether the direction of 
the pressure at any joint is such as to cause sliding, can be only ap- 
proximately made, since the adhesion of the mortar, the roughness 
of the stone, and many other elements, will enter into the actual re- 
sult, but we may safely assume that no pressure will cause sliding 
of the stone voussoirs which is not applied at a greater angle than 
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999 with a normal to the direction of the joint. Our pressure-curye 
shows that the angles of application of the stress are all well within 
this limit, and we need feel no uneasiness in regard to the yonssoirs. 
With respect to the joints of the abutment, however, we may feel 
some anxiety, as the direction of the pressure for the courses nearest 
to the springing of the arch forms an angle of somewhat more than 
82^ with the vertical ; but the adhesion of the mortar to brickwork 
IS far greater than to stone, and the true angle of safety is corre- 
spondingly increased, so that if we take the precaution of delaying 
the removal of the centering on which the arch is built until the 
mortar in the abutment is well set, we need have no apprehension 
as to the result. 

Having fixed upon the shape of the proscenium-arch, and made 
sure of the stability of the abutments, we will next determine the 
construction of the roof, which is intimately connected with the dis- 
position of the wall supporting it. For the sake of simplicity, we 
decide to make the ridge of the roof level throughout, varying only 
the interior construction to suit the means of support at our dispo- 
sal, or other requirements. 

Over the stage, 
where no sacrifice need 
be made to appear* 
ance, we will use the 
simplest and cheapest 
devices, covering the 
central span, of 45 
feet, with a truss of 
the form shown in 
Figure 180, and the 
rooms at the side with^ 
plain lean-to roofs, 
with tie-beams, and 
uprights next the wall, 
to prevent lateral 
pressure upon it, and 
a stmt to prevent the 
sagging of the princi- 
pal rafter. 
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This rafter will form a continuation of the rafter of 
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main truss, so as to bring the surface of the roof in one plane. The 
auditorium will be covered by an ornamental roof in one span, 
and the upper portion of this will be continued over the gallery at 
the rear, the ante-rooms on each side of the gallery being coTered by 
the gallery floor. 

We will first investigate the simplest roofing, that over the stage. 
As both the large and small trusses are furnished with horizontal ties 
at the foot, they can have no tendency to spread, and therefore exert 
no thrust upon the walls ; so that we shall only need to ascertain the 
strains upon the timbers and determine the necessary sizes. This 
we will do here only for the central truss, A £ F, the principle be- 
ing the same for all. 

We have first to find the total 

weight which the roof must sustain. 

' The length of the rafter A £ is by 

. I L« -a '^^ ^*^® ^^ ^®®^ *°^ " ^® trusses 

u^»*in jor » ^^^ spaced 1 2 feet apart from centres 

this rafter will have to sustain 12X30 
= 860 square feet of roofing, and 
whatever extraneous pressure there 
may be upon this area, such as that 
of snow and wind. The other raf- 
ter, A F, will have the same stress 
to bear. 

It will be best to consider first the 
vertical stress produced by the 
weight of the roof, including that 
of snow upon it, taking afterwards 
the oblique stress caused by wind. The weight of the roof itself, 
which consists simply of trusses, purlins, common rafters, boarding 
and slate, without plastering beneath it, may be taken at 16 pounds 
to the square foot. If the roof were flat, or nearly so, a load of wet 
snow might occasionally be added to this, amounting to forty pounds 
per square foot as a maximum, but our roof being inclined at an an- 
gle of about 52^ with the horizon, the snow falling upon it would slide 
off as it accumulated, and a snow load of 15 pounds to the foot may 
safely be taken as the greatest to which it will ever be subjected. 
This makes the total weight per square foot of roofing 80 pounds. 
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and the rafter A E must therefore be calculated to snstain a vertical 
stress of 860 X SO = 10800 pounds. The load on the other rafter, 
A F, will be the same, making the whole vertical pressure on the 
truss 21600 pounds. In Figure 181, express this weight by a verti- 
cal line from A to B, at any scale, say- 1000 pounds to the inch. 
Find the centre, C, of this line. As the truss and its load are kept 
up by the supports on which they rest, the upward force of these 
supports, or, as we should say, their reaction, is just equal to the 
weight imposed upon them ; or, in the diagram, half the roof A F 
and its load presses downward with the force A C, and is held up 
by the force C Ay while the weight on the other half, A £, is C B^ 
and is sustained by B C 

We must now make another division of the vertical line A B^Xjq 
indicate the proportionate part of the whole weight borne by each 
joint in the truss. Looking first at the rafter A F, we see that the 
joint D must suffer twice as much strain as either F or A, be- 
cause it sustains an area of roofing extending on each side to a point 
midway between it and the next joint, while A and F being held, 
one by the opposing rafter and the other by the support at the foot, 
each carry only the portion between them and the point half-way to 
D. Hence in the diagram, MAC expresses the whole weight on A 
'Fy A K will indicate the portion borne at F, K I will show that 
upon D, and / C that upon A. Then C G will show, in the same 
way, the strain at A upon the other rafter, A £ ; G' J^ that upon C, 
and E B that on £. We have now all the data from which to de- 
termine the stresses on the other pieces of the truss, each of which 
plays a part in sustaining the total load. Beginning at the foot F, 
of the rafter A F, we find it to be the point of application of four 
different forces, the first being the reaction of the support on which 
the truss rests at that point, indicated by C il on the stress-diagram ; 
the second being its own portion of the weight, shown, as we have 
just seen, by AK] the third being an oblique pressure passing down 
the rafter, and the fourth a horizontal pull from the tie-beam. The 
direction and amount of each of these may be obtained from the 
diagram as follows : Starting from C, we pass upward to A, over 
the distance which represents the reaction of the support F, and 
in the direction of that reaction ; then down again to K, over the 
space, and in the direction, corresponding to the share of the verti* 
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eal load supported by the joint F : from K we draw a line, KD^ par- 
allel with the direction of the rafter A F, of such length that another 
line, drawn from its further extremity, parallel with the direction of 
the tie-beam F £, will just meet the point C, from which we started. 
The length of the line K Z), according to the scale to which the dia- 
gram is drawn, will then give the number of pounds of longitudinal 
stress along the rafter from D to F, and D C will be the tensile strain 
upon the tie-beam between F and B. 

To distinguish between the tensile and compressive strains we 
will indicate the former in the diagram by a light line, and the lat- 
ter by a heavy line as shown. 

In the same way we find the stresses upon the pieces around the 
joint D, in the middle of the rafter A F. We know already the 
stress upon the piece D F, which we found just now to be jE*!) on the 
diagram ; but as the compressive strain upon this piece, which was a 
downward push upon the joint F, is an upward push upon the joint 
D, we must now trace it in a direction reversed from that previously 
found, and starting from D on the diagram, follow it upward to K. 
From E we have another known force, the vertical load upon the 
joint D, which we ascertained at the beginning to be equal \jo K I^ 
or twice as great as A K. Following this strain, then, downward 
to /, we have left two unknown forces, that on the upper portion of 
the rafter D A, and on the strut D B, both of which are applied at 
Z>, the joint whose equilibrium we are tracing. These are found in 
the same way as before, drawing / H parallel to A D, until H D 
parallel to B D will close on 2). HD is then the compressive strain 
on the strut, and / H that on the upper portion of the rafter, and 
both are to be indicated by heavy lines. 

The next strain to be determined is that on the king-rod A B. 
We have assumed that the vertical pressures are the same on each side 
of the roof, and the stress-diagram will therefore be symmetrical, 
and O F will represent the stress on one upper rafter, and H I that 
on the other. At the joint A, these two stresses, together with the 
vertical load I C -\- C G^ot I O and the pull of the king-rod, in- 
clude all the forces applied at that point, and starting with the 
known stresses H I apd I G, O Fy symmetrical with H /, will be the 
strain on the upper rafter C A, and F Hy drawn parallel with the 
king-rod, and connecting F and Hf will represent the tensile strain 
on the king-rod. 
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Measuring with the soale the forces thus indicated, we shall find 
as follows : — 

STRESSES FOR VERTICAL LOAD. 

Tie 6400 lbs. Tension. 

King-Rod 6000 « « 

Lower Rafter lOSOO " Compression. 

Upper Rafter 7000 " « 

Strut 3600 « " 

We have now to consider an additional series of strains, — those 
due to wind-pressure. Of course the wind may blow upon either 
side of the roof, but by calculating the stresses due to a pressure on 
one side, we shall have all the data required for extending it to the 
other. 

We will suppose the wind to blow from the left in Figure 180. 
As the general direction of wind-movement is nearly horizontal, the 
maximum pressure in a direction normal to the plane of the rafters 
occasioned by it increases as the pitch of any given roof rises, and 
in a certain ratio to the angle which the rafters make with the horizon. 
The angle of the present roof being 52^ it will be safe to assume a 
maximum wind-pressure in a direction normal to that inclination of 
44 pounds to the square foot, which will give as the wind-pressure 
supported by the rafter A E in Figure 180, which is SO feet long 
and spaced 12 feet from the next rafter, SO X 12 X 44 = 15840 
pounds. This, as the wind will only blow on one side at a time, will 
give the total wind-pressure on the whole roof, although its direction 
may be reversed. We lay this off in Figure 182 from A to B, at the 
same scale as in the preceding diagram, A B being drawn in a 
direction perpendicular to the inclination of the left-hand rafter. 
The next thing is to lay off on A B the points showing the propor- 
tionate portions of the pressure borne at the several joints, and 
also the reactions of the supports at E and F. We can easily see 
that, as in the case of vertical pressure, the joint C bears half the 
strain on the rafter, A and £ bearing one-quarter each, which will give 
A C on the diagram as the pressure at A, C J& as the pressure at G, 
and E JB at £. To find the reactions of the supports we must con- 
sider that the tendency of the oblique force of the wind on the whole 
truss, A £ F in Figure 180, is to turn it about the point E, with a 
leverage which will be proportional to the distance from £ of C, 
which is the centre of the rafter, and forms the point at which the 



290 



BUILDINa SUPEBXNTENDENGE. 




pressure, nniformlj distribated over the roof-surface, may be a»> 
ffumed to be concentrated. We can see that the support F will, 

with this particu- 
lar form of roof, 
be most severely 
strained, and the 
exact proportion 
between the loads 
borne by each sup- 
port can be readily 
found by drawing 
from C a line per- 
pendicular to the 
rafter A £, and 
striking the 
straight line con- 
Fig. 182. — necting the points 
of support at 1 ; then measuring the distances 1 F and 1 £, which will 
give, inversely, the relative pressures borne by F and £. In this case 
1 F is ^ of the whole distance £ F, and 1 £ is f of the same, from which 
we infer that F bears f of the wind-pressure, and £ only ^. Apply- 
ing this to Figure 182, we divide A Bhy the point i>, at ^ the dis- 
tance from jB to ^. Then B D will represent the reaction of the 
support £, and D A that of the support F. Beginning with the 
joint £ of Figure 180 we trace the stresses in the same way as be- 
fore with vertical strains. From E on the diagram we pass down 
to B for the direct pressure, then upward to D for the reaction of 
the support £, then horizontally to G for the tension on the tie- 
beam, and down, parallel with the rafter, to E, the point of begin- 
ning, for the compressive strain on the rafter at its foot. 

To find the strains at the joint G, in the middle of the rafter, we 
start at C in the diagram and pass downward to E for the propor- 
tion of the wind-pressure borne at C, then up to (r for the reaction 
of the lower portion of the rafter, then upward, parallel with the 
direction of the strut, to F, until a line drawn downward from F, 
parallel with the upper portion of the rafter, will close on C, the 
point of beginning. This will give us the stress due to wind upon 
each portion of the rafter, the strut, and the portion of the tie-beam 
nearest the wind, as follows, scaling them from the diagram. 
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8TBB88B8 FOR WIND-PRESSURE. WIND LEFT. 

Left-Hand Fart of Tie 1800 lbs. Tension. 
Left Lower Rafter 900 << Compression. 

" Upper Rafter 8300 " " 

Left-Hand Strut 88^0 " " 

All these stresses would be reversed by a change in the direction 
of the wind. 

There are still other strains to be found on the other pieces of the 
truss, but the reader can easily finish the diagram for himself. It 
is enough to say that the next point to be investigated is that at A in 
Figure 180, then D, and then F, and finally, the investigation of B 
will serve to check the correctness of the others. It will be found 
that the strut B D receives no stress of any kind from wind-pressure 
on the opposite side ; that the portion B F of the tie-beam suffers a 
compressive strain of about 8800 pounds ; that the rafter A F is 
equally strained throughout its whole length with a compressive force 
of about 8000 pounds, and the king-rod A B is subjected to a tensile 
stress of 6,500 pounds. 

As the tie-beam E F is strained by tension, to the amount of 1800 
pounds, at one end, and by a compression of 8800 pounds at the other, 
it would seem that the net effect of the pressure would be a compressive 
stress equivalent to the difference between the two, or 1500 pounds. 
This, is, however, an unsafe inference, the two kinds of stresses 
acting to a certain extent separately, instead of neutralizing each 
other, so that the prudent method is to take the largest amount of 
stress of the principal kind, without deduction for the neutralizing 
effect of the opposing, but inferior forces. In the case of the 
rafters, which are all strained in the same way, but of which we find 
that the one away from the wind is the most strained, we will pro- 
vide for resisting the greater stress, which will make us safe against 
the lesser one. This will give us a corrected table of wind-pressure 
strains, which we will place side by side with those due to vertical 
pressure, adding them together to find the sums which will give us 
the total stress acting along each piece which that piece must be cal- 
culated to bear safely. For shortness we will mark tension as -^ 
and compression as -)-• 
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STBKSBE8 OK Tbuss. — Vertical Load and Wind^Pmture. 



Fieoe. 



Vertical Load. Wlnd-Fnitiuc. 
lbs. 



TotiL 
Iba. 



Tie, B P, (Fig. 180.) 

King-Bod, AB 

Each Lower Bafter, G E, D F.. 
Each Upper Baf ter, A C, A D. . 
Each Strut, BO. BD 



— 6,400 

— 6.000 
10,300 

-,000 



+10,; 

+ 7,1 
/ +8,( 



— 1,800 

— 6,600 
' 3,000 

8,000 
8,300 



— D,0" 

4-8,0 
+ 8,3 



— 8,200 
— 1S,B00 
■ 3,30Q 
S,000 
L,900 



We can now obtain the sizes of the timbers and rods which will . 
safely sustain these stresses. 

The tie-beam, E F, suffers a tensile strain of 8200 pounds. The 
safe tensile strength of spruce timber, which we suppose to be the 
material of the truss, should not, for such a roof, be taken at more 
than 1000 pounds to the square inch, and a timber of 8.2 square 
inches sectional area, or about 2'' x 4", would give the resistance 
required. 

There is, however, another consideration which enters into the 
calculation of the size of the tie-beam. Not only does it keep the 
feet of the rafters of the truss from spreading, but, in virtue of its 
horizontal position, it is also a beam, or rather a pair of beams, each 
having a span equal to the distance from the king-rod to the wall- 
plate, about 20 feet, and burdened with its own weight, which tends 
to break it by a transverse strain. This strain is entirely indepen- 
dent of the longitudinal stress along the timber, and must be pro- 
vided against separately, by increasing the size of the timber, so as 
to give additional fibres for resisting the bending strain, which those 
fibres engaged in tensile resistance to the longitudinal stress cannot 
deal with.- We will try, therefore, a S" x 4" timber in place of 
2" X 4", and see if it gives us strength to meet all the stresses, 
transverse as well as longitudinal. Supposing 2" x 4'' of this to be 
occupied in resisting the direct tensile force, we shall have remain- 
ing a beam I" x 4", 20 feet long, which must sustain the weight of 
the entire timber, 8" x A" x 20'', which, at 45 pounds to the cubio 
foot, will be 75 pounds, uniformly distributed over the beam. 

The simplest formula for transverse strength of rectangular beams 
is ^^ = W in which 

b is breadth of beam in inches. 

d is depth " '.* " " 

Cls a constant, which for spruce is 450. 

8 is the factor of safety, which should be 0. 

L is the length of the beam in feet 

W is the sale centre load. 
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Applying this, and remembering that the distributed load may be 
with safety twice as great as the centre load, we shall have 

elTzo ^^ ^^^ pounds safe distributed load. As the weight 

of the timber is only 75 pounds, we have here a surplus of transverse 
strength of about 60 per cent, but it is hardly worth while to make 
the stick any smaller. In fact, wooden tie-beams are ordinarily 
made of far greater dimensions than this, and with reason, for they 
are very liable to be used for supporting the weight of partitions 
either above or below, or are subjected to other extraneous trans- 
verse strains which they are less able to resist than other beams, 
which have no special work of their own to do, while their strength 
b further impaired by the mortises by which the rafters and king- 
rod are framed into them. The king-rod, A B, is of wrought-iron, 
and endures a simple tensile stress of 12500 pounds. The usual 
estimate for the safe tensile strength of wrought-iron is 10000 pounds 
per square inch, and as the area of a circle is .7854 of that of the 
square in which it is inscribed, the diameter of a round rod to hold 

safely 12500 pounds will be ^ . ^^ . =^^]L59 = 1.26, or about 
^ '^ 10000 X .78M ' 

1^ inches. 

The upper and lower rafters and the struts are all subjected to 
compression, and their dimensions will be found by the formulas for 
wooden columns. Taking the lower rafters first, with a stress of 
18300 pounds, we may, as they are only about 15 feet long, take 
the compressive strain which they will bear safely in the direction 
of their length at 400 pounds per square inch of sectional area. To 
sustain 18300 pounds will therefore be required a timber of 46 square 
inches sectional area, and we may use a stick 4" x 1 2", 5" x 10", or 6" x 
8'^ as may be most convenient. As in the case of the tie-beam, a 
small surplus of strength must be reserved to resist the transverse 
strain due to the weight of the rafter itself, which tends to bend it 
inward, but the slight excess of these dimensions over those strictly 
necessary will be sufficient for the purpose. If, however, a purlin 
were placed, as is often the case, bearing directly on the rafter, mid- 
way between its foot and the strut, a very important transverse 
strain, equal to the wind-pressure on a portion of the roof 7^ feet 
wide and 12 feet long, together with the component normal to the 
direction of the rafter of the vertical pressure due to the weight of 
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the same portion of the roof and its load of snow, amounting in all 
to aboat 6000 pounds, would have to be resisted by the rafter, acting 
as a beam loaded at the centre, in addition to the compressive stress 
acting in the direction of its length, and its dimensions would need 
to be increased accordingly. 

The same observations apply to the upper rafter, and even to the 
strut, in some instances, but if we are sure that we will not forget 
this caution in case of need, we may, for the present, continue to 
study our truss as it is intended to be built, without transverse strains 
on any of the pieces except those due to their own weight. The 
upper rafter, having to sustain a compressive strain of 15000 pounds 
will then need, by the same rule, a sectional area of 87^ square 
inches, and a 4" x 10", 5" x 8" or 6" x 7" stick would give the re- 
quired strength with a surplus for resisting the transverse strain of 
its own weight. The strut, which sustains 11900 pounds, may be 4" 
X 8" or 6" X 6". This completes the schedule of timbers for the 
trusses over the stage. 
The trusses over the auditorium and gallery require to be sub- 
mitted to similar proc- 
esses, which it is un- 
necessary to describe 
at length. The for- 
mer, however, as 
shown in Figure 183, 
not being tied at the 
foot of the rafters, ex- 
erts a thrust upon the 
walls at each side, 
^ which would certainly 
overturn them if not 
counteracted, and in 
order to be able to 
' provide the necessary 
resistance we must 
know the direction 
Pig. IQ3. and amount of the 

thrust. A glance at the diagram shows that the truss really consists 
of three portions, the upper part, A £ F, forming a rigid frame, 
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resting npon two other frames, £ K M IB and B F L N J, the latter 
of which are inclined inward from the wall, iicsU 
tend to push it outward at their foot, and, disre- 
garding the various pieces composjng these in- 
clined frames, which serve principally as braces 
against deformation by wind-pressure, we m&y 
consider each as equivalent to a single straight 
timber, or inclined column, acting as shown by 
the dotted lines E M and F N, It is easy to as-t^^sj^ 
certain the thrust at the foot of this column, by \-^^ 
laying off il ^ in Figure 184, equal, by any re^i 
quired scale, to the vertical pressure on E, 
that is, to half the weight on the truss E A F; 
then drawing A C on the diagram, parallel to 
E M, and B C horizontally intersecting A C 
siCfBC will then show by the scale the hor^ 
izontal outward thrust on the wall at the point 
M, in Fig. 183. This being ascertained we 
must now find the shape and size of buttress, 
if any, which is necessary to keep the walls 
from being pushed over by the thrust. We - 
can best do this graphically, as follows : — 

Beside the diagram for thrust in Figure 
184 draw a section of the wall. The scale 
of this section, which is in a certain number 
of feet to an inch, has nothing to do with 
that of the stress-diagram, which is in pounds 
to an inch, and any scale may be used. Fix 
the position of the section so that, by its 
scale, the point C, which represents the place 
of application of the inclined force of the 
lower part of the truss, supposed to re it 
upon a corbel projecting from the wall, will 
come at the proper distance from the wall- 
surface, and draw a line at F, representing 
at the same scale the fioor-line, which, if the 
wall is anchored to the timbers of the flooi*^ 
would be the point about which it would 
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revolve in overturning. Next find the weight of a portion of wall ex- 
tending from the floor-line up to K in Figure 163, and equal in width 
to the space between the windows, which we suppose to ^ five feet. 
Add to this the actual weight of the portion of the root supported 
by K E, Figure 188, not including anj' allowance for snow or wina. 
The sum will give the vertical pressure which combines with the ob- 
lique pressure E M to change its direction in its passage through 
the wall. Laying off now this vertical pressure downward from C, 
in the diagram of Figure 184, to the same scale of pounds as the 
other pressures, we find that it extends to D. Draw now A 2), 
which will give the direction and amount of the total combined 
pressures at the fioor-line, and X F, drawn parallel to A D from Xj 
the point where A C prolonged strikes the plane of the centre of 
gravity of the wall, will give at Y the actual position of the inter- 
section of this modified pressure-line with the base-line of the mov- 
able portion of the wall. The point Y falls outside of the wall, 
showing that its unassisted stability is not equal to the oblique press- 
ure upon it, and that it will be overturned. 

There are three ways of adding to the wall the requisite support. 
The most obvious of these is the addition of exterior buttresses, the 
weight of which will serve to deflect the pressure-line more directly 
downward, at the same time that their position will improve the sta- 
bility of the wall by removing the point about which the pier must 
revolve, in order to overturn, beyond the intersection of the press- 
ure-line with the base. The second resource is the construction of 
Interior buttresses, the weight of which will also serve to deflect the 
pressure-line to a direction more nearly vertical, at the same time 
removing the point C, in Figure 184, horizontally away from the 
wall, until the point Y is brought within the base. The third method 
consists in piling up masonry in the form of pinnacles above the 
wall at the proper places, increasing by their weight the vertical 
component of the total pressure, until the line falls within the base 
of the wall, with little or no help from buttresses, either exterior or 
interior. This would be not only a perfectly legitimate and safe 
construction, but perhaps the most economical of any, since the 
weight of all the masonry extraneous to the wall itself would be applied 
m increasing the stability of the pier, while buttresses, either inte- 
rior or exterior, must be continued to the ground, although the portion 
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below the floor-lioe, much the largest part of the whole, serves 
in this case only as a support, without adding anything to the sta- 
bility of the wall above the floor-line. There would probably be, 
however, some objection on the part of the building committee to 
such an unusual construction, and as we have ourselves some fear 
that masses of snow sliding down the roof might push the pinnacles 
off, with disastrous results, we will abandon the idea of employing 
this method. Of the two others, that of inside buttressing seems the 
less adapted to the circumstances, as the projection of the buttresses 
would obstruct the side aisles of the hall. If the room were planned 
with high walls and flat ceiling, the acoustic advantage of these 
projections would be sufficiently important to outweigh the objection 
to them as obstructions, but in the present case the shape of the roof, 
the echoes from which would be broken up and dissipated by the 
net-work of trusses and the regular succession of braces springing 
from the corbels, which would intercept the waves of sound con- 
dncted along, as well as re- 
flected from the walls, give 
all the security against un- 
pleasant reverberation which 
could be obtained by interior 
projections, and it will be best 
on other accounts to avoid 
them by placing the buttress- 
es on the outside. 

We will first make trial of 
a buttress of the shape and 
size shown in elevation in 
Figure 185, and in plan in 
Figure 186. Finding first 
the weight of the buttress 
from the floor-line to the top, 
we add this to the weight of 
the wall as a part of the vei^ ^^ ^^^^ 
tical force in Figure 184, where it is represented hy DE, CD rep- 
resenting the weight of the wall exclusive of the buttress. The 
whole vertical force wiD therefore now be C^, and A C, the oblique 
thrust of the truss, remaining the same, the new resultant force will 
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be represented, in direction and amount, hy AE, If then, we draw 
a line, parallel to this new resultant, from the point where the line 
of thrust intersects the plane of the centre of gravity of the pier 
and buttress combined, to the floor, or base line, we shall at once 
see whether the whole will be stable. 

The first step in this process is to find the position of the centre 
of gravity of the pier and buttress. In the plan of the pier with its 
buttress, Figure 187, find the centre of figure of each portion sepa- 
rately, by drawing the diagonals of the parallelogram formed by 
each. Join these centres by the line A 
B. The centre of gravity of the whole 
figure will then lie on the line A B, at a 
point which must divide A B into po]> 
tions inversely proportional to the areas 
of the parallelograms in which its ends 
Fig. 187. respectively lie. The area of the paral- 

lelogram representing the vail isdXli=6f square feet; that of the 
parallelogram representing the buttress is 2 X lj = 8i square feet 
Three and one-third is just one-half of six and two-thirds, so that the 
point C, which divides the line A B oi one-third of its length from E^ 
will show the centre of gravity of the complete figure, and if 
the pier and the buttress are of the same material, and carried 
to the same height, it will lie in the line of the centre of grav- 
ity of the whole mass. For our purposes we can assume that 
this is the case, and that C lies in the plane of the actual centre of 
gravity. We then find the corresponding point in Figure 185 by 
transferring its distance from the inside of the wall with the dividers, 
and draw a vertical line through it as shown. The line of the 
thrust of the roof, prolonged downward from the corbel, will inter- 
sect this new line of the centre of gravity at Xf and X Z, drawn 
from X parallel to il ^ in Figure 184, will show the line of the re- 
sultant pressure due to the influence upon the thrust of the weight of 
the pier and buttress. This line will strike the floor, or base-line of 
the movable portion of the wall, at F, and as this point fulfils the 
condition of being nearer to the vertical line drawn through the cen- 
tre of gravity than it is to the exterior of the mass, the pier and 
buttress, if well anchored at the floor-line, will safely resist the effort 
of the thrust of the roof to overturn them. 
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The roof over the gallery, as we see in Figure 188, being supported 
by posts at M and N^ with suitable braced girders running back 
from E I and F /, to 
carry the truss inter- 
mediate between the 
one shown in the fig- 
ure and the end wall, 
resolves itself simply 
into the case of that 
over the stage, which 
we have already inves- 
tigated; the curved 
braces B I and B Jk 
being added merely 
for ornament, and to 
correspond with the 
main roof. We have 
now only to calculate 
the necessary size for 
the purlins, which are 

virtually beams 15}, ^''' '®®' 

feet in length, having a clear span equal to this distance less 6 inches, 
the width of the principal rafter, and subjected to a distributed 
transverse stress, due to their own weight, the weight of the portion 
of roof which rests upon them, with an occasional wind-pressure 
added of 44 pounds to the square foot ; and the sizes of the common 
rafters, which are also inclined beams, of a length equal to the dis- 
tance between the purlins, and subjected to a distributed transverse 
stress, due to their own weight, with the weight and wind-pressure 
upon the portion of roof which each carries. The purlins should 
be nearly square in section, and each supports the strain of a por- 
tion of roof 11^ feet long, and of a width equal to the distance be- 
tween its centre and the centre of the next one, which in this case 
is 15 feet. We have previously estimated the vertical load, includ- 
ing weight of snow, on each square foot of the roof-surface to be SO 
pounds, which would here be equivalent to a pressure, normal to the 
plane of the roof, of 19 pounds. To this must be added the maxi- 
mum wind-pressure, which we found to be 44 pounds, making 69 
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pounds per square foot as the total transverse pressure. The purlin 
sustains 15 X 11^ = 172^ square feet, so that the stress upon it will 
be 172^ X 63 = 10868 pounds. Its own weight will be, at the ut- 
most, 500 pounds, and over the auditorium the underside of the com- 
mon rafters will be lathed and plastered, adding a weight of about 
10 pounds per square foot, or 1725 pounds upon the whole space 
sustained by each purlin. This, as well as the weight of the purlin 
itself, bein^r a vertical pressure, of which a portion is transmitted 
down the rafters, while only the component normal to the roof-plane 
exerts a stress upon the purlin, we can find the normal pressure cor- 
responding to the vertical weight of 2225 pounds either graphi- 
cally or by applying the proportion of 80: 19, which we have just 
ascertained to represent the same relation in the case of the weight 
of roofing and snow. This would give SO : 1 9 = 2225 : 1409. Add- 
ing this to the others, we obtain 10868 -|> 1409 = 12277 pounds as 
the measure of the distributed transverse stress upon the purlin. 
This is a severe stress for a timber 11} feet long, and we shall do 
well to employ Southern pine for the purlins, instead of spruce, on 
account of its superior stiffness. Using the formula before em- 
ployed in calculating the tie-beam, -jj^ = TT, we shall have here : 
' IF = 12277 
8 =6 

2:=ii} 

(7=: 550, the constant for Southern pine, as 450 is for spruce. 
b and d are both unknown. 

Instead of transposing the formula, it is often less trouble to 
assume certain dimensions, and try whether they fulfil the required 
conditions of strength. In this case we will try whether a 10" x 10" 
stick will do. Substituting these dimensions for h and d in the for- 
mula, and remembering that the weight, 12277 pounds, being dis- 
tributed uniformly along the purlin, exerts only half as much break- 
ing stress as if it were concentrated at the centre, we shall have 
^^~^jy^^= 15942 pounds, as the distributed weight which will 
be safely borne by the timber. This is greater than we Jieed, and 
we will try an 8" x 10", which we find to be capable of supporting 
safely 12754 pounds, or a little more than the given weight, so we 
adopt these dimensions. 

The rafters are last to be considered. The stead/ stress npon 
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each of these, consisting of the simple weight of the portion o! 
the roof with its load of snow resting on it, acts yertically, and 
the inclination of the rafter being oblique to this vertical force, it is 
necessary to resolve tlie single stress due to the weight into two, one 
of which will act in a direction normal to the inclination of the 
rafter, forming a transverse strain of the ordinary kind, while the 
other acts along the rafter by compression, and is to be resisted by 
the rafter acting as a column. The clear span of each rafter, from 
purlin to purlin, is 15 feet, less 8 inches, the width of the purlin, and 
as the rafters are spaced 16 inches from centres, each carries a por- 
tion of the roof 14| X H feet in area. The weight upon this, in- 
clnding that of the rafter itself, the roofing boards and slates, the. 
lath and plaster underneath, and a possible load of snow, will be 14 j 
X li X 40 = 764 pounds. Drawing a vertical line representing 
this weight, at any scale, we make it one side of a triangle, of which 
the other two sides are drawn respectively parallel to the direction 
of the rafter, and at right angles to it. The length of these two 
sides, measured at the same scale, will give the components of the 
vertical pressure, which act along the rafter and transversely to it. 
We shall find the transverse component to be about 455 pounds, ana 
the other, acting to compress the rafter, about 600 pounds. At 400 
pounds per square inch, the sectional area of the rafter, acting as a 
column, required to resist this stress would be 1^ square inches, and 
the dimensions needed to resist the transverse strain must be added 
to this. The transverse component of the simple weight of roof and 
snow we have just seen to be 455 pounds. To this must be added the 
wind-pressure, which is a direct transverse strain, amounting, by our 
previous estimate, to 44 pounds per square foot, or 14|X 1^X44 = 841 
pounds on the whole area supported by each single rafter. Adding 
the two results together, we have 455 -|- 841 = 1 296 pounds as the 
distributed transverse pressure on the rafter. By the formula pre- 
viously employed, assuming the rafters to be of spruce, with a value 
for C of 450, we find that 8'' x 7" timbers will give a resistance of 
1540 pounds; and supposing 1^ square inches of the sectional area, 
comprising a slice ^" wide by the depth of the rafter, to be occupied 
in resisting the longitudinal stress, we shall have remaining a piece 
24" X 7", whose strength, according to the formnla, will be 
^ 1h X a" ^ ^ = 1^36 pounds. This is larger than we need, but 
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the difference is so animportant that we need not regard it, and we 
adopt this as the proper scantling. 

We now know the necessary sizes of timbers, and form of piers 
and buttresses, for carrying out our provisional sketch of the boild- 
ing into definite drawings, and we proceed to lay out our floor-plans 
and elevations, continuing, after these are well studied, to construct 
a foundation-plan in accordance with them. The elevation may 
be first taken up, as upon this will in a great degree depend the 
details of the completed plan. 

We have seen, from the investigation just made, that the walls of 
the central portion of the building, which support a hammer-beam 
roof, will need to be buttressed, to support the tendency of the roof 
to spread, while those of the portions contuning the stage and gal- 
lery, being covered by roofs which are tied at the feet of the rafters, 
and therefore have no lateral pressure, do not require buttresses. 
Our calculations have shown that buttresses 20 inches wide on the 
face, and projecting two feet, will fulfil the conditions of stability, 
but if the effect or the proportion should require it, we need not hesi- 
tate to vary from these dimensions, only assuring ourselves, in case 
of doubt, that the new form will be equally suited to resist the thrust 
of the roof. The projection of the buttresses on the middle portion 
of the facade will give it a marked character, heightened by the long 
side windows of the central hall, which are not needed, and are 
rather in the way, in the stage and gallery portions ; and to differen- 
tiate still further the middle of the building from the ends, we will 
carry up a low parapet over the windows of the hall, behind which 
a wide and deep gutter can be formed to keep the drip from the 
eaves away from the central doorway. The corresponding portion 
of the ridge may also be distinguished by a cresting of metal or 
terra-cotta, and the three-fold division of the interior thus " accused " 
upon the exterior, without interrupting that uniformity of the roof- 
surfaces which we think desirable. 

The buttresses of the middle portion of the walls must obviously 
be supported from below, and will appear in the first story as piers. 
The curtain wall which connects them in the second story need not, 
however, be prolonged to the ground, if there is any other way of 
supporting it, but may have its position transposed in the first story, 
if we desire. As some of the smaller offices in the first story and 
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basement occupy but one bay of the fa9ade, we can save twenty 
inches of room in them, besides improving the effect of the front, 
without adding to its cost, by adopting this disposition, and transfer- 
ring the curtain wall, or " wall-veil/' as some persons prefer to say, 
in the first story to the exterior instead of the interior line of the 

buttresses. This will take 
away the support from be- 
neath the small portions of 
the upper wall between 
the buttresses and the win- 
dow openings, and under 
I p. the windows themselves, so 

~^^ U I we will have flat segmental 

^5^^i A arches turned in those 




Fig. 189. 

places, which will show just under the ceilings of the first-story 
rooms, but will be out of the way. The interval which will be left 
between the top of the first-story wall and the sills of the seo- 
ond-story windows we will treat as series of small balconies, accessi- 
ble from the windows, with stone floors, and a parapet wall. This 
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balcony wall will stop at one end against the staircase tower, and 
may be prolonged at the other end so as to form a kind of shallow 
porch over the side doorway, with a narrow balcony on top, fur- 
nished with a door opening from the room under the gallery ; all of 
which will help to break up and make interesting a front otherwise 
somewhat monotonous. 

We shall find some difficulty in preventing the tower from looking 
like the steeple of a church, which the building already resembles 
rather more than we wish, but we will see if that unfailing resource 
of the architectural designer, the expression on the exterior of the 
building of the distribution and uses of the interior, may not help us. 
Remembering that a portion of the tower, which contains the stair- 
case leading to all the upper portions of the building, must be re- 
served as a ventilating shaft, to carry the foul air from the different 
portions of the building, we will ** accuse *' the shaft by making it 
project four inches from the general surface of the tower wall, above 
the first story, and will give it a special termination at the top. We 
shall need, for the best results, a shaft of something like sixty square 
feet sectional area, and this can be obtained in the manner indicated. 

The offset of four inches which would naturally be made in the 
tower wall about at the second-story floor we will make on the out- 
side instead of the inside, thus giving it an air of greater apparent 
stability by the enlargement of the base. The outside of the wall of 
the ventilating shaft may be made continuous with that below, while 
the change in thickness of the other portion may be emphasized by 
placing at that point a balcony, supported by stone corbelling, which 
will serve to shelter the stage entrance to the hall, and will always 
be useful, at times of piiblic demonstrations, to the guests of the 
town officers, who will obtain access to it by a door. The top of 
the tower would naturally be used to some extent as a lookout, and 
a bell would probably be hung there, so that the flat platform with 
parapet, and wooden belfry a little in retreat, will serve both pur- 
poses. To complete the exterior features we should add a ventilating 
turret over the middle of the roof, which will be indispensable in hot 
weather, to withdraw rapidly the air just under the roofing, which 
is intensely heated by the sun on the slates, before it can diffuse 
itself into the atmosphere below, and two chimneys will be necessa- 
ry, which can conveniently be placed in the walls of the end gables* 
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The elevation of the opposite side will be substantially the same 
as the front, with the exception of the tower and doorways, and the 
end walls will be pierced only with a few windows. 

Before we can fix the weights upon the different portions of the 
foundation, which will determine the spread of the footings and the 
number of piles under them, it will be necessary to fix definitely 
the thickness of the walls. For the front, since the piers between the 
windows are somewhat slender, we have already decided to make 
them 16 inches thick, adding the projection of the buttresses to this, 
and as this wall is well tied by the fioor-beams which rest in it, the 
same thickness, 16 inches, will be sufficient for the portions at the 
ends,' which have no buttresses. 

The gable walls are under very different conditions, being much 
higher than the others. The lower portion, beneath the stage and 
gallery floors, is slightly steadied by the interior partition-walls, 
which are to be well anchored to it ; but above this floor the wall 
stands free to the roof. As the roof cannot well be tied very 
strongly to the gable walls, it will be safest to regard these as un- 
supported above the ground floor, and to give them the thickness 
required for independent stability. This can be readily calculated 
by Rondelet's empirical rule. Laying off the height of the wall 
above the ground, at any scale upon a vertical line, we set off hori- 
zontally from the foot of the vertical, at the same scale, the distance 
between the cross-walls or other supports which bound the wall 
whose thickness we wish to determine. Connecting first the ex- 
tremity of the horizontal line, by a diagonal, with the top of the ver- 
tical line, we then divide the vertical line into twelve equal parts, 
and, with one of these parts as a radius, describe an arc from the 
top of the vertical line, cutting the diagonal, and from the intersec- 
tion of this arc with the diagonal let fall a second vertical line. The 
space between the two vertical lines, at the scale of the diagram, 
will represent the necessary thickness of the wall. 

In our case the gable is 96 feet high from the second floor to the 
apex, and 70 feet wide between the supporting return-walls ; and 
applying the rule we find the thickness necessary to stability to be 
about 4 feet. 

It is obvious that although this maybe the proper thickness of the 
wall at the foot, some economy may be made in the upper portion 
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without diminishing the stability of the mass, since the lowering of 
the centre of gravity will compensate for the loss of weight. If the 
wall were rectangular, it might, by successive offsets, be reduced 
from four feet to sixteen, or even twelve inches, at the top, but the 
peak of a gable is less solid and steady than the corresponding por- 
tion of a rectangular wall, and we shall do best not to reduce it 
below twenty inches in thickness. It is quite possible that a smaller 
amount of material might be so distributed, by means of buttresses, as 
to give the stability needed, but this, we suppose, would involve in 
our case certain objectionable conditions, so we accept the result of 
our calculation, and draw the section of the wall in accordance with 
it, making the average thickness 84 inches. The tower walls are 
next to be considered. These are strongly held by the return walls, 
which tie them back in such a way that it would be almost impossi- 
ble for them to fall over, so that it is hardly necessary to give them 
mure than the thickness required for resisting the crushing strain 
due to their own weight. The walls being 134 feet high, the Ron- 
dele t diagram gives for them a thickness of 20 inches, which is un- 
questionably sufficient, but public opinion, for some reason, generally 
demands the thickest walls for towers, which need them least, and 
in deference to this, as expressed by our committee, we will make 
the lower portion 23 inches thick, diminishing the upper part by 
two offsets to 16 inches, as a compensation for the excess of material 
used below. This, while improving the appearance of the building, 
will really be judicious as a matter of construction, inasmuch as a 
solid brick wall 184 feet high, and 20 inches thick, although under 
the circumstances perfectly stable, would be subjected to a crushing 
strain at the base of 7^ tons to the square foot, which would be in- 
creased again upon the piers at either side of the doorway by tJie 
arch, which throws upon them the weight of the mass above it, to 
about 12^ tons, and to this weight again might be added a farther 
strain due to the action of wind on one side or the other, amounting 
possibly to 10 or 12 tons more. This would give a stress which or- 
dinary brickwork could not with perfect safety be trusted to bear, 
but the increase of the mass at the lower part of the tower, with the 
lightening of the upper walls, will relieve us of all anxiety upon this 
point. 

The variations in the thickness of the masonry will be made at 
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somewhat irregular heightR, to suit the exigencies of the openings 
and the ventilating shaft, but a little study of the section will give 
ns, we suppose, an average thickness of 22 inches. 

The interior walls, with the exception of that forming the abut- 
ment, opposite the tower, of the proscenium arch, which will have 
the same thickness as the arch, are not of great height, and are 
steadied by the floor-beams, so that 12 inches will be sufficient for 
them. 

We can now draw our definitive plans of the several stories, the 
horizontal section of the exterior walls being determined. Figure 
190 shows the plan of the first story, and Figure 191 of the second 
story. The walls in the first story are substantially the same as 




Fig. 190. 

those of the basement, so that a plan of the latter is not necessary, 
and we may lay out the foundation at once, as shown in Figure 192. 
In this it will be observed that each of the interior walls, and the 
plainer portions of the exterior walls, are provided with continuous 
foundations, but that the masonry is interrupted between the piers 
which support the buttresses above, although in elevation this space 
is occupied by a wall, which fills the area around and under the 
windows. One may naturally ask why this curtain wall, light as it is, 
should be deprived of a foundation, and it would be more usual, in 
fact, to lay footings for this portion of the masonry, as well as the rest 
Nevertheless, an attentive study of the conditions will, we think, show 
that it is, under the circumstances, wiser to support this portion of the 
building upon isolated piers, than to build for it a continuous footing, 
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which must be very unequally loaded. A rapid computation of the 
weight of the piers, as compared with that of the wall between them, 
will show that the former, which are approximately If X ^i f^t in 
section, and about 68 feet in height from the level of the basement 
floor, 8 feet below the curb, to the eaves, contain each about 378 
cubic feet of masonry, weighing, at 112 pounds to the cubic foot, 
42386 pounds, to this being added the weight of the curtain walls 
around the second-story windows, which, as we remember, are sup- 
ported entirely from the main piers, by segmental arches sprung be- 
tween them, and weigh, for the portion resting on each pier, about 
23000 pounds. Besides this, the roof-trusses, which bear wholly upon 
the piers, bring on each an additional load, as we have seen, of 22320 



ZFf 



■ '- 



^r 



I ' I 




R£. 191. 

pounds ; while the weight of the second-story floor, although framed 
with beams at short distances apart, is also brought by the segmental 
arches just beneath it entirely on the piers, adding to the load on 
each the weight of ^?-^i? =180 square feet of flooring, equivalent, 
with its ordinary extraneous burden, to about 18000 pounds. The 
weight of the first story and basement floors would be divided be- 
tween the piers and the curtain wall in a proportion wliich can hardly 
be estimated exactly, but about one-half of it would probably come 
on the piers, making, for two floors, an additional load of 18000 
pounds. Adding these together, we find the total pressure at the 
level of the basement floor upon the substructure of the piers to be 
123656 pounds. Dividing this by the sectional area of the piers at 



BtTILDIKG StTFERnTTENDENOE. 



809 



that point, which is 5} square feet, gives 22488 pounds as the pres- 
sure per square foot 

On the foundation wall between the piers we shall have the weight 
of 18000 pounds of flooring in first story and basement, with that of 
the wall as high as the second-story floor ; eyerything. above resting 
wholly on the piers. The openings for windows occupy most of the 
area, but we have left about 800 cubic feet of masonry, weighing 
88600 pounds ; the whole pressing upon the substructure of that por- 
tion of the building, whose sectional area below the basement win- 
dows is 10^ X li= 18^ square feet, with a force amounting to 8820 
pounds per square foot. 

This calculation discloses a very great difference in the Intensity 



I I I I ■ I 

I I r 1 I II 



rcMiiSi»nor\. fiMv^ 

Fiff. 192. 

of the pressure on the foundation under the piers, and that upon the 
wall between them, and as the masonry of rough stone extends below 
the basement floor seven feet to the tops of the piles, we have just 
reason to fear that the compression of the joints in this masonry be- 
neath the piers would be so much greater than in the intermediate 
portion, subjected to a load hardly one-sixth as great, as to cause 
some dislocation between the two parts of the stone-work, which 
would probably show itself above ground by fractures in the sills of 
the basement and first story windows, as well as by the opening of 
seams in the angles between the buttresses and the curtain wall. 

If the ground were very soft, so as to make it unsafe to increase 
the load upon any part of it beyond a limited amount per square 
foot, it might be best to equalize the pressure by spreading the 
footings of the piers until the weight upon them was distributed 
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over 80 large a surface as to make the pressure upon each foot of 
this surface equal to that on the footings of the curtain-wall, but it 
would take a great deal of stone to spread the base of the foundation 
to the requisite extent, and we, who can count in the present case 
upon a pile foundation of tolerable resistance, shall do best to aban- 
don the idea of a separate foundation for the curtain-walls, and ar- 
range to support the whole, by means of arches turned just beneath 
the basement floor, solely upon the footings of the piers. 

Although the pressure upon these will be increased by so doing, 
we can easily provide piles enough to sustain it all, and the cur- 
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Fig. 199. 

tain-walls, being now entirely dependent upon the piers, will settle 
with them as the joints are compressed under the weight of the 
superstructure, instead of being torn away from them by the reaction 
of the less strongly weighted stone-work upon which they themselves 
rest. 

Further consideration convincing us that this is the best, as well 
as most economical method of construction, we have only to indicate 
the underground arches which we propose, as shown in Figure 193, 
and calculate the size of footings and number of piles required under 
each pier to sustain the weight upon it, which must now be increased 
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by that of the curtain-wall in first story and basement, above the 
arches, and also by an amount representing roughly the weight of 
the foundation below the basement floor, which, of course, can be 
only provisionally determined. 

Before making up our minds on this point we shall do best to test 
the resistance of the hard-pan to which the piles are to be driven by 
actual trial, and will therefore lay out the piling-plan for the plain 
walls, and begin work. 

Although the ground is softer than we could wish, the piles bring 
up generally in a stratum which allows them to sink only 2^ to S 
mches at the last blow of a hammer weighing 1600 pounds, and fall- 
ing 15 feet. This, by Sanders's formula, indicates a safe resistance 
for each pile, in the worst cases, of ^^^^^ = 12000 pounds, or six 
tons. We will therefore assume this as the load to be assigned to 
the piles under the piers, and will draw the plan accordingly, re- 
membering that it will be necessary to watch the driving closely, so 
that if a soft spot should be met with, in which the piles should sink 
more than three inches under such a blow, additional piles can be 
at once staked out and driven, sufficient in number to divide the 
total pressure into portions small enough to come within the limit of 
their safe resistance, as found by a new calculation. 

Down to the basement floor, the sum of all the weights borne by 
each pier is 175256 pounds, which would just be sustained by fifteen 
piles, driven to a bottom as hard as that which we have already 
found. We must not, however, forget that a considerable cube of 
masonry will intervene between the top of the piles and the base- 
ment floor, whose weight must be taken into account. The distance 
between these two points is seven feet, and six feet, at least, of this 
must be of heavy stone masonry. The remaining foot may be of 
brick, like the superstructure. Supposing, simply for calculation, 
that one extra pile would be sufficient to carry the additional weight 
of the foundation, we should have under each pier a group of sixteen 
piles. These are always most advantageously arranged in pairs, 
so that the stones which rest upon them, the " cappers, " as they are 
called, may each cover two piles, and no more. It is also desirable, 
for the sake of saving stone, to place the piles as near together as 
they can be driven without forcing each other aside, or unduly dis- 
turbing the bed, and the minimum distance for this purpose being 



91S BUILDING SUPEBINTEMDENGE. 

two feet from centre, to centre, in such ground as that with which 
we have to deal, the natural disposition of our sixteen piles will be 
in the form of a square, measuring 6 feet on each side, from the cen- 
tres of the piles. In order to cover these entirely with the capping 
stones, it will be necessary, as the head of the piles is from 10 to 12 
inches in diameter, to make the first course 7 feet square. The sec- 
ond course, in order that the weight may not be thrown too much 
on the inner part of the capping stones, should be 5 feet square. 
The third course may be 8 feet by 4, and the fourth course the 
same. £ach course will be about 18 inches high, and the whole 
amount of stone-work will be 147 cubic feet, weighing, at 125 pounds 
per cubic foot, 18875 pounds. The extra foot of brickwork between 
the top of the stone foundation and the basement floor will weigh 
622 pounds. Adding all the weights together, we shall arrive at a 
total of 175256 + 18875 4-622 = 194258 pounds, or 97 tons, to be 
supported by 16 piles, giving a load of 6^^ tons each. 

.f the bottom under the piers should be found as firm as where we 
are now driving, the piles sinking not more than three inches, and 
generally less, at the last blow, with a 1600-pound hammer and 15- 
foot fall, we should be quite safe in adopting this arrangement, and 
we will stake out the piles under the piers accordingly, leaving, 
however, some person to watch the driving, with strict injunctions 
to mark on the piling-plan, of which he has a tracing, the actual 
sinking at the last blow of every pile, with the height of the fall; 
while we inspect the timber delivered on the ground, and observe 
the operations of cutting ofiE the heads of the piles and laying the 
first course of stone, both of which are already in progress at one 
corner of the building. 

The piles on the grouud are straight spruce sticks, with the bark 
on, varying from 80 to 40 feet long. Here and there is visible a 
crooked specimen, or one the heart of which is evidently rotten, and 
we mark all such for rejection. The driving of the first piles has 
shown that the comparatively firm stratum upon which they must 
rest is about 81 feet below the surface, and men are engaged in cut- 
ting off the small ends of the longer piles to bring them to this di- 
mension. It is important not to penetrate through the bearing stra- 
tum, as the ground is shown, by driving a long experimental pile, to 
grow soft again immediately below ; all that is necessary or safe is 
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to continue the blows of the hammer until the firmer ground is 
reached, which will be shown by the diminished penetration of the 
pile at each impact, giving then only one or two additional blows 
to settle it into its bed. 

There is some danger that the workmen may surreptitiously en- 
deavor to save trouble for themselves, and money for their employ- 
ers, either by driving the pile 'only a portion of the required distance, 
and then cutting it off, or by putting in shorter, and therefore 
cheaper timbers. Either of these frauds will probably be followed, 
sooner or later, by serious consequences, and the only way to guard 
against them effectually js to witness in person, or by an intelligent 
deputy, the driving of every pile. We are somewhat in doubt 
whether it may not be necessary to send away all the 80-foot piles, 
of which there are several on the ground, for the reason that al- 
though they would be long enough to reach from the hard stratum 
to the water-line, they lack about two feet of the length necessary to 
extend from the hard bearing to the present bottom of the excavation 
where the machine stands. This, for convenience in working, is not 
dug down to the water-level, and there is danger that the short piles 
may be simply driven to the head in the ground and left there, with 
their feet still some distance from the stratum on which they ought 
to rest ; but in consideration of the promise of the contractor to 
bring no more of the same kind, we consent to have them driven in 
our presence, each one, after driving to the head, being sunk farther 
by means of a " follower, " or short piece placed on top of it, until the 
bearing stratum is reached. When the trenches are excavated to the 
water-line, which will be done as soon as the machine is out of the 
way, the followers will be dug out, and the piles under them will then 
be as useful as any. 

The operation of digging out the piles is already in progress in 
another place. The level of the water-line, or rather, of the point 
at a certain distance below the average water-line where we have 
directed the piles to be cut off, is fixed with reference to a mark on 
the side of the excavation, and a steam-pump is at work to keep the 
trenches clear of water until the earth has been removed to a proper 
depth, the heads of the piles cut off at a uniform level, and the cap- 
ping-stones laid. Two men, with a cross^^ut saw held between them, 
are bending over in the mud, sawing off the top of a pile, which 
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another man holds to prevent it from falling npon them. Observing 
them from a distance, we notice that in order to relieve their backs 
as far as possible from the fatigue of stooping, as well as to keep 
their knuckles out of the earth and water, they hold the saw very 
much bent, so that it makes a concave, instead of a level cut across 
the head. As we approach, the head of the pile, just severed, is 
purposely tumbled over their work, and the men begin another cut, 
this time with the saw held straight between them. Looking about 
the trench, we notice that one-third or more of the piles already cut 
off exhibit the concavity due to the bending of the saw, while others 
have an oblique head, and a few are cut an inch or two higher than 
their neighbors. Any of these defects may compromise the safety 
of the building, either through the crushing of the edge of a concave 
cutting under the weight of the superstructure, or the tilting of a 
capping-stone supported at one end on a pile cut obliquely or out of 
level ; and calling the attention of the men, we point out the defect- 
ive work, and direct them to recut the piles properly on the spot, 
waiting to see our orders obeyed. 

While thus engaged we have leisure to watch the stone-laying just 
beyond. The adjustment of a roughly-split stone upon the heads of 
two piles, so that it may have no tendency to rock or move in any 
way under the great and varying pressure which will be placed 
upon it, is a difficult matter, and the work should be sharply looked 
after. The usual way is to place the stone in position, and then 
wedge up with stone or even wooden chips between it and the head 
of the pile, until it ceases to move when shaken ; but this mode is 
open to many objections. Wooden chips are of course inadmis- 
sible, since they crush Immediately under a strain ; and stone ** pin- 
ners " are liable to be broken or dislodged, leaving the block which 
they were intended to sustain in a condition of dangerous instabil- 
ity. The best, although the most troublesome method of capping, is 
to select only the stones with comparatively flat beds, and lay them 
on the heads of the piles, shifting them about, before they are de- 
tached from the derrick, until they rest immovable. They will then 
need no pinning or wedging, and can be depended upon to sustain 
without moving the load which is to be placed upon them. If wedg- 
ing should be found absolutely necessary, as may sometimes happen, 
the stones used to pin up with should be well-shaped, strong, and 
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securely placed upon the head of the pile, so as to be in no danger 
of shaking out or crumbling. With the same object of avoiding all 
tendency on the part of the capping-stones to rock under the load, 
no stone should rest upon more than three piles, unless both it and 
the heads of the piles have been dressed to a perfectly plane surface, 
and with rough stones it is not easy to get a good bearing even on 
three piles at once. 

After explaining our ideas on these points to the foreman of the 
stone-layers, whose opinion coincides with our own, we return to the 
front wall, where the pile-driving machine has arrived before us, and 
are troubled to find that the ground appears softer there' than under 
the other portions of the structure. As we approach the row of iso- 
lated piers forming the middle of the front, the piles sink under the 
last blow of the hammer from three to four inches, instead of two 
and one-half or three inches, showing that a variation has taken 
place in the texture of the clay stratum upon which they rest. A 
trial pile driven by means of a foHower to a depth of 40 feet sinks 

o o o o 
o o o o 

Rff. 194. 

at that distance more rapidly than ever, and we are forced to the 
conclusion that the bottom at SI feet, although poor enough, is the 
best to*be had. A simple calculation is, however, sufficient to show 
that it is unsafe to trust the weight of the piers upon it without add- 
ing to the number of piles under them, and thus diminishing the 
load upon each point of support. Supposing the sinking of each 
pile at the last blow, under the actual conditions, to be four inches, 
the weight which it could be relied upon to sustain safely would be 
4^ tons, and the number needed to support the load of 194253 pounds, 
which was previously calculated as the weight on each pier, would 
be 22, allowing for the slight additional weight of stone required to 
cover the more extended base. 

The ground is, however, hardly so soft as this, the average being 
about 8^ inches sinking at the last blow, and we shall be safe in 
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changing our plan, and staking out 20 instead of 16 piles under eacL 
pier, as shown in Figure 194, rememhering that if the ground should 
grow still worse it will he necessary to add to the number by drivmg 
extra rows on each side. Happily, this does not prove to be the 
case, and we are able, when the driving is over, to rest assured that 
whatever else may befall our building, the failure of the piles is not 
to be feared. 

We need dwell no more upon the details of construction of otnr 
building, which would now differ little from those of any other, but 
will proceed at once to consider the necessary means for heating and 
means for heating and ventilating the various rooms. 
YMtluuion? Success in this point will be a matter of some diffi- 
culty, and we should have our scheme well prepared 
in advance, in order that the necessary distribution of flues and 
pipes may be effected to the best advantage. 

The only practicable method of conveying heat from a single 
source to all points of so large a building is to employ steam, and 
although steam-heating is in many respects inferior to that by means 
of hot water or ordinary furnaces, we have no alter- 
•t«am. native, and must try to mitigate the bad features of 
the system as much as possible. For the smaller rooms, the evil to 
be avoided is the closeness, from want of a fresh-air supply, which 
generally characterizes steam-heated offices, and to remedy this we 
shall do best to adopt what is known as the direct-indirect mode of 
heating, in which the radiators stand in the rooms, but are made to 
enclose a space into which air is admitted directly 
rectMethod. ^^^ '^® outside of the building, to pass, after being 
warmed by contact with the pipes of the radiator, 
into the room. The large hall in the second story must be heated 
in a somewhat different way, since it would not be possible to place 
radiators in the interior of the room, but it will be advantageous to 
keep them as near the part to be warmed as possible. The source 
of heat for the entire building will be a boiler placed in the base- 
ment, and we should get some notion of the necessary size of the 
boiler, and of the flue to carry off the smoke from it, in time to pro- 
portion the rooms suitably. 

We can form a rough estimate of the radiating surface required, 
and thence of the sizes of pipes, boilers and flues, by allowing 



BUILDINQ SUPEBINTENDENGE. 817 

one-tenth of a square foot radiating surface to each square foot of 
plain wall and exposed roof surface, and seven-tenths 
of a square foot of radiating surface additional for ■•tlmate of 
each square foot of glass in the windows. The build-face required, 
ing has about 88,000 square feet of outside wall and 
15,000 square feet of interior wall, and to this must be added 12,000 
square feet of roof surface, exposed to the interior of the rooms, 
making 60,000 square feet of roof and wall, requiring 6,000 square 
feet of radiating surface. Of glass in the various openings there is 
about 5,600 square feet, seven-tenths of which will give 8,920 feet 
additional of radiating surface, making 9,920 square feet in ail. 
The rule sometimes used, of allowing for direct-indirect radiation 
one and a half square feet of radiating surface for every 100 cubic 
feet of space contained in the building, would give, as we have about 
900,000 cubic feet, 18,500 square feet of radiating surface ; but this 
wonld be an excessive allowance for the large hall in the second 
story, and our first estimate is quite safe. 

By the asual rule for estimating, the heating surface of the boiler 
must be one-tenth that of the radiating surfaces, which would give 
here 992 square feet. This could be obtained by using a horizontal 
boiler 5 feet in diameter and 20 feet long, with about 
60 tubes, but a single boiler of this kind would not Necessary 
work to such advantage as two, presenting togetherf||^^Jr"|J[j*JJJ[ 
the same amount of heating surface ; and there is here 
the further advantage in using two boilers, that one can be employed 
solely for heating the hall in the upper story, which is only occasion- 
ally in use, while the other can be devoted independently to warming 
the offices in the first story and basement of the building, which are oc- 
cupied almost continuously. We must therefore make a new calcu- 
lation, which shows us that the hall in the second story will require al- 
most exactly one-half of the total radiating surface, so that two boilers 
just alike, each containing 500 square feet of heating surface, will 
answer admirably. As an engineer will be constantly employed, it 
will be most convenient and economical to use two horizontal boilers, 
each 4 feet in diameter, 20 feet long, and containing 80 tubes. Each 
of these boilers will need, in order to be able to get 
op steam quickly, about 20 square feet of grate Bur-®'*^^ ••"'•«•• 
face, and we shall require, to carry away the gases oi combustion 
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quickl/ from these grates, when both are in operation, a chimney oi 
the best form with a sectional area of about 13 square inches to each 

square foot of grate surface. We have 40 square feet 
"^ofOhUmiei?*®^ S^*^® surface, and must have, therefore, 620 square 

inches of sectional area of chimney. The height of 
the chimney would enter into the calculation to a certain extent, 
since the velocity of the current increases with the height oi the 
heated column, but this advantage is soon lost in prolonging the shaft 
to an excessive height, and we shall obtain the best results by assum- 
ing only the average dimensions. The sectional area thus calculated 
should be obtained in a square or circular flue, as an oblong one, with 

the same area, has much less capacity for carrying 
**•**"' "•'away smoke. Considering the circumstances of our 
building, it will be found most advantageous to employ a circular 
cast-iron smoke-pipe, and to place it in the ventilating shaft which 
forms a portion of the tower, so that the heat radiated from it may 
assist the upward current in the ventilating due. A pipe 28 inches 
in diameter will give the requisite sectional area, or a little more ; 
and as it will be 128 feet in height we can be sure of a good velocity 
in it. The only objection to such a position for the chimney is the 
danger of disfiguring the upper portion of the tower with smoke ; 
but by carrying the pipe through the roof of the smaller turret it 
will discharge the smoke at a sufficient distance from the main bel- 
fry to make sure that it will be carried away by the wind. 

The position of the boilers will be determined in general by that 
of the chimney, since it is desirable that the communication between 

the smoke connection of the boilers and the chimney 
^^oVlers?' sliould be as direct as possible, avoiding long pipes, 

which chill the gases, and underground flues, in which 
it is difficult to start a current. Fortunately, we have kept this 
point in view, and have arranged a room in the corner of the base- 
ment, close to the tower, large enough, not only for placing and 
managing the boilers, but for passing all around and over them, with 
sufficient space in front of them for handling the long flue-brushes 
and scrapers which will be required. 

We may now estimate roughly the size of the largest pipes which 
will be required, and we shall then know what special provision mast 
be made in the construction of the building for placing them. 
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TakiDg the safe rule that the main distribatiDg pipes should have a 
sectional area equivalent to eight-tenths of a square 
inch for each 100 square feet of radiating surface sup- ^''p^^JJ'*'" 
plied by them, we shall find, since each boiler furnishes 
steam to 4960 square feet of radiating surface, that each main steam- 
pipe must be a little more than 7 inches in diameter inside. As no 
pipe is made between 7 and 8 inch, and as 8 inch is much larger 
than would be necessary, we will determine upon 7-inch pipe. The 
risers, or pipes which run up to supply the radiators above will be 
small, none being more than S inches in diameter, and we shall have 
no difficulty in carrying them up in 4" x 4'' recesses left in the wall 
at the proper places, which it will be well to mark on the plans at 
once. 

Before this can be done, however, we must determine all the main 
features of our system of ventilation as well as heating, and the 
sooner we make up our minds about this the better. 

For the basement and first story rooms the plan of ventilation 
should be as simple as possible. Fresh air will be admitted behind 
the radiators in each room, which should stand under 
the windows, in order that the warmth from them ventMatlon 
may coanteract the descending stream of cold air 
which, in winter, always flows over the surface of the glass, and 
foul air will best be taken out at two points, one near the top 
and the other near the bottom of the room. For the offices which 
have fireplaces, the opening of this will form the lower outlet, but 
another should be provided near the ceiling, communicating with a 
flue which may be carried up beside the fireplace flue. Where there 
is no fireplace, two flues, one opening near the floor, and the other 
near the ceiling, will be necessary. If the combined area of these 
outlets is made somewhat greater than that of the inlet, a gentle 
current will be maintained at all levels in the room, and the air kept 
ih better condition than would be possible with a single outlet. As 
the small rooms are occupied only by a few officers and clerks, the 
snpply of fresh air need not be very large, and a 4-lnch round pipe 
to each radiator would make an ample inlet. For outlets, brick 
flues 8" X 12" will be best, and each flue may open with small regis- 
ters both in basement and first story, remembering, however, that 
two openings must not be made in any flue in the same story, and 
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that a flue which exhausts from the floor of the basement rooms most 
always, if it opens in the second story, exhaust from the floor there 
also, and that in tlie same way the ceiling registers in the first- 
story rooms should open into the flue which draws from the ceiling 
of the basement rooms. It need hardly be said that two fireplaces 
should not under any circumstances open into the same flue, and 
that the outlet registers in the basement rooms must not have a clear 
opening greater than half the sectional area of the flues into which 
they open, if any air is to be drawn into the same flues from the 
rooms above. 

As the entrance-way and corridor in the first story and basement 
will naturally be more or less foul, a good current of air should at 
all times be maintained through them. The frequent opening of the 
doors will furnish a sufficient fresh-air supply, without bringing 
special pipes to the radiators, and it will be of advantage to restrict 
the inlets, but increase the outlet, encouraging the exhaust in other 
ways as much as possible, so that the draft from the corridor will be 
stronger than that in the rooms, and the current will, on opening the 
doors, tend consequently from the room into the corridor, and no- 
vice versa. We will therefore provide only direct radiation for warofc- 
ing the corridors, and will conduct the air from them by a pipe pass- 
ing through the closets at the end opposite the staircase to the gable 
wall, where a large flue is ready to receive it and carry it away. K 
there should be any difficulty in maintaining a current through this 
flue in cold weather, we can afterwards place a radiator in it, a little 
above the level of the second-story floor ; but the wall is of great 
thickness, and we can easily build in it a flue 20" x 20'', or 20" x 
24", perfectly straight, and 100 feet high, which will be very little 
hable to a reversal of the current in it, even without artificial heating. 

Having now provided for the separate removal of the air in the 

basement and first story, which we wish to prevent from ascending 

the stairs to annoy the occupants of the hall above, we must arrange 

for a special supply to the latter. The hall, with the 

111 "i*"h**?i' S*^^®''^'' ^^^^ ®®*' about 1000 persons, and to make 

them quite comfortable during^n evening they should 

be furnished with at least 1500 cubic feet each of fresh air per hour ; 

and this air must, moreover, be warmed in winter before delivery, 

and conducted throughout the room gently and uniformly, leaving no 
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corner unvisited, and dispersing itself every wiiere rapidly but without 
sensible currents. The system must include every part of the room, 
since any portion unswept by the flow of air will become a reservoir 
of decaying organic particles, which will diffuse themselves through 
the neighboring atmosphere for some distance in all directions. We 
will at first consider the winter ventilation only, that for summer be- 
ing simpler, but completely different. 

As in the rooms below, we have decided to use the direct-indirect 
method of steam heating in the hall, placing large radiators under 
the windows on all sides, and supplying each radiator with a given 
quantity of fresh air from the outside, to be warmed by contact with 
it, and then delivered into the room. The persons seated next the 
walls, who would otherwise be exposed to the chilling currents which 
descend along the surface of the windows, and to a much smaller ex- 
tent along the plastering, will then be doubly protected, by the de- 
flection of the cold currents on meeting the warm streams rising from 
the radiators, and by the direct influence of the warm rays falling 
upon their bodies from the hot pipes. As those occupying the seats 
at the edges of the room will thus be warmed by direct radiation, the 
air supplied to them need not be so warm as if it were the only 
source of heat ; and the current delivered from the radiators, if suf- 
ficiently abundant, need not be raised above 90° Fahrenheit. This 
will answer also for the persons in the interior of the room, who, al- 
though cut off in part from the heat radiated by the steam coils, are 
less exposed to cold currents from tue windows, and receive, more- 
over, a very considerable amount of warmth radiated from the bodies 
of those around them. With this human warmth, however, is given 
off a certain amount of organic exhalation, so that the air in the 
centre of the room will be less pure than that nearer the fresh-air 
openings at the sides, and it will be necessary to furnish the middle 
portions with an additional supply. In many buildings this could be 
done by placing registers in the aisles between the seats, introducing 
at small intervals air taken fresh from the outside, warmed in the 
basement and sent up through pipes, but we liave to bear in mind 
that our hall will often be used for dancing, so that registers in any 
part of the floor will be quite inadmissible, and some other place 
must be found for delivering the air. 

There are but two other positions where inlets can be placed 
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near the floor, one of these being the vertical front of the stage 
and the other the front of the gallery. Both of these will do, and 
•ire will arrange to use them, although in different ways. The 
front of the stage being separated, sometimes by an orchestra, some^ 
times merely by an open space, from the front rows of seats, may be 
used as a great register, throwing in air along its whole extent, and 
the air so introduced will, in its passage across the orchestra space, 
diffuse and mix itself with other currents, thereby losing its original 
impetus, and reaching the occupants of the front benches as a breeze 
80 gentle as to be hardly felt. This stage front will, in fact, offer the 
best position in the room for the advantageous introduction of air, 
and we must arrange for taking it by ample openings from the out- 
side into the space under the stage, and for warming it by radiators 
before delivering it^nto the auditorium. Some of the radiators may 
be placed close to the open gratings of the front, where their di- 
rect warmth will be felt by the persons nearest them, who are most 
exposed to the current. 

By taking advantage of the shape of the space under the stage, we 
shall be able to secure a gentle but strong horizontal delivery of the 
warmed air, which will send it well toward the centre of the room 
before it begins to ascend, and the portion of the auditorium nearest 
the stage will thus be supplied with fresh air throughout its whole 
extent. For the remaining half we will take fresh air from the rear 
wall, under the front of the gallery, but in a manner slightly different 
from that employed for the first portion. In order to throw the supply 
from this direction well into the centre of the auditorium, we shall 
need to bring it in with considerable velocity, and as the seats for 
tlie audience extend to a point within a few feet of the gallery front, 
the current, if allowed to strike the persons sitting in them, would be 
felt as a disagreeable and even dangerous draught, so that we shall 
do best to introduce the greater part of it at a height of ten or 
twelve feet above the ground. In this way the main current will 
pass above the heads of those sitting near the inlet registers, the air 
diffusing itself so as to come within reach of the lungs of the audi- 
ence only in proportion as it loses velocity. Under this arrange* 
ment, the greater the force with which it enters the room the more 
effective will the stream be in reaching and stirring up the atmos- 
phere of the middle portions, and we may with <Mlvantage place the 
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radiators for heating it in the basement, and bring the air up by 
pipes through the offices in the basement and first story. By making 
the pipes straight, with a curved elbow at the top to direct the current 
into the room, wo shall obtain a heated column long enough to possess 
a very considerable buoyant tendency, and the air will be thrown into 
the hall with force enough to carry it to the centre before it will 
begin to rise. To complete the supply of fresh air for the room, we 
must furnish the occupants of the rear rows, who will receive little 
benefit from the currents passing over their heads, with some sepa- 
rate inlets near die floor, bringing the air in through exposed steam 
coils in the direct-indirect manner, so that, as at the sides of the 
room, the chill caused to the ^rsons near by the movement of the 
incoming air, which, slight as it is, increases the evaporation from 
the skin, and causes a sensation of cold, together with the loss of 
heat due to radiation from the body to the cold walls, and the un- 
pleasant draughts caused by accidental currents, may be compensated 
by the warm rays from the pipes. 

We shall now have, for the main portion of the auditorium, cur- 
rents of fresh air proceeding from all sides, and meeting in the 
centre. The currents from front and rear are purposely directed 
with considerable force in a horizontal direction, and those from the 
sides, which are, so to speak, pressed upon by the descending cold 
air from the window surfaces, will be deflected in the same direction, 
and this impulse, aided by the natural adhesion of moving air to the 
surfaces with which it comes in contact, will serve to keep at least 
the heads of the occupants of the room in a pure and constantly re- 
newed atmosphere. On the meeting of the currents in the middle, 
their horizontal movement will be destroyed, and the buoyant force 
due to the heat of the mass of air, which has grown warmer in pass- 
ing among the bodies of the people, will assert itself, carrying the 
whole upward. Then, if not otherwise disposed of, it will become 
chilled by contact with the underside of the cold roof, and will 
descend along the surfaces of the roof, walls and windows, to mingle 
again with the incoming air from the radiators, and repeat the same 
round. This would not only contaminate the freshness of the new 
supply, but would very much reduce its amount, since air cannot be 
forced by ordinary means into a room which is full already, so that 
we must, to secure a continuance of the flow of pure air, remove th« 
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vitiated atmosphere before it can descend to the level of the income 
ing currents. 

If the movement of the air were positive enough to carry it^ after 
rising above the heads of the people, directly to the roof, it might 
be best to take it from the ridge, but in cold weather this would 
hardly be the case, much of the air becoming chilled and returning 
downward before reaching that point, so that we shall do better to 
exhaust it from the level of the cornice, a little above the line of 
separation between the lower, fresh, warm and horizontally moving 
stratum, and the upper stratum of vitiated, gradually-cooling and 
descending air. If the hall were of a perfectly simple shape, this 
upper stratum would move uniformly all around, but there are two 
causes which will give it a tendency toward the stage end of the 
room. One of these is the attraction of the stage ventilation, which 
draws the upper air sensibly toward the proscenium-arch ; and the 
other is the pressure of the air from the gallery, which, introduced 
through radiators at the sides and rear, will move forward into the 
main body of the auditorium, pushing the stratum in front of it in 
the same direction. The mass of air which we wish to remove will 
thus be impelled gently against the proscenium wall, and can be re- 
moved most effectively by openings in that wall, through which it 
can continue its course into the ventilation-shaft and away from the 
building. These openings can have any decorative shape, and 
should communicate with a conduit behind the proscenium wall, car- 
ried into the main ventilating flue. 

It will be seen that this plan of ventilation is totally different from 
that which would be adopted in a school-room, or other apartment 
with a low, flat ceiling. In such a room the best method would 
generally be to employ indirect radiation entirely, warming the 
fresh air in the basement, and bringing it up through long verti- 
cal pipes opening into the room by registers in the side walls, 
seven or eight feet above the floor, withdrawing the cold and 
foul air below, by exhaust registers in or near the floor. By this 
arrangement the fresh, warm air would pass first to the ceiling, fill- 
ing the room like an inverted lake, and constantly pressing out the 
foul strata below, without danger of annoying the occupants of the 
rooms by draughts. 

In the present case, however, we are precluded from employing 
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any method of this kind by the ^reat height of the ceiling, and the 
extent of cooling surface presented by the roof. The warm air in- 
troduced at any considerable height above the floor would rise imme- 
diately to the ridge, cooling there with great rapidity, to be precipi- 
tated again in cold draughts upon the heads of the 
people below, who would remain immersed in a chilly vani^latJoru 
atmosphere even though that above them might be 
warmed to a temperature of 100^ or more. It would be impractica- 
ble to fill so great a space, losing heat, moreover, so rapidly as would 
be inevitable under the circumstances, with anything approaching the 
inverted atmospheric lake of a low room, and our only resource here 
is therefore to keep the fresh-air supply near the floor, avoiding un- 
pleasant draughts as much as possible, but directing all the warm 
currents so that they may reach those who are to breathe them be- 
fore they can escape from the slight attraction exerted upon them by 
the floor and the objects near it, and rise into the empty space above, 
to be lost beyond recovery. 

The course of circulation of the air being once determined, many 
circumstances can be made use of to promote it, and all obstacles 
should be removed. Radiators ought not to be placed in such a posi- 
tion that the inevitable ascending current from them will interfere 
with the general movement, and even the aspect of the different 
portions of the room will need to be considered, the northern and 
western sides being generally coldest in winter, and chilling the air 
next to them so as to cause it to descend, while that on the opposite 
side rises, in a movement of gentle rotation, which can be checked, 
if it should interfere with the desired system of circulation, by in- 
creasing the radiating surface near the cold walls. 

Such ventilation as this is of course dependent upon the differ- 
ence in temperature between the exterior and interior air, and the 
movements due to the buoyancy of warm currents in a cold atmos- 
phere will cease entirely as soon as the temperature outside and in- 
side become the same. For summer ventilation, there- 
fore, we shall need to devise a modified system, which vantnation. 
can at pleasure be substituted for the other, but will 
not interfere with it at other times. Fortunately, summer is also the 
time of open windows, and the warm-weather ventilation is, in such 
a case as this, a much simpler affair than that needed for wintexv 
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The occupants of the offices in the basement and first story will keep 
their windows generally as wide open as possible in the hot months, 
and if we remember to provide fan-lights over the doors, and to 
place the doors opening on the corridor nearly opposite each other, 
we can secare for them an almost constant draught across the 
width of the building, which will keep the rooms as fresh as could 
be desired. The corridor itself, if much frequented, may need, even 
in summer, to be exhausted by means of its special flue, which must 
in that case be kept heated by a large gas-burner, in order to pre- 
serve that difference in temperature between the air inside the fine 
and the outside atmosphere on which the movement of the former 
entirely depends. 

For the great hall in the second story we shall need something 
more than open windows, not for the sake of a fresh-air supply, 
since these large openings, placed opposite each other in so long a 
building, isolated from all others, would give a breeze across the 
room in the hottest night, but to remove the air which would, unless 
allowed to escape, collect under the roof, filling the space down to 
the heads of the windows with a stagnant mass, often very much 
heated by contact with the underside of the slated roof, upon which 
the sun shines all day, and always containing most of the organic 
impurities thrown off by the lungs and skins of the people below, 
which rise with their warm breath even in the atmosphere of sum- 
mer. This reservoir of foul and heated vapor, although confined to 
the .space above the sweep of the fresh breeze from the windows, is 
apt to make its presence disagreeably felt by diffusion through the 
purer atmosphere far below it, and it is important to provide for 
tapping it, so to speak, and allowing its contents to flow, in accord- 
ance with their natural buoyancy, upward from the highest point of 
the roof into the outer air. It wo ild be useless to try to draw the 
foul, warm air downward as far as the openings into the tower ven- 
tilating-shaft, since its buoyant force, after a day of summer sun- 
shine, is far too great to be counteracted by any exhaust which could 
be obtained in the ventilating-shaft without the aid of a fan ; and it 
is very desirable to take full advantage of the acquired tendency of 
^e stratum of air which we wish to remove, to assist its discharge. 
For this purpose an open turret on the ridge answers perhaps better 
than anything else. The length of the warm current ascending 
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through it assists the velocity, aad helps to draw up that which would 
tend to linger behind ; and its position at the summit of the roof en- 
sures the removal of the last traces of the warm and foul stratum. 
So long as any persons remain in the hall, or gas-lights continue to 
burn there, new volumes of deteriorated air will ascend to take the 
place of that discharged from the ridge, but if not allowed to stag- 
nate, or accumulate heat from the roof, they will not affect the at- 
mosphere below. 

Having now evolved a satisfactory general scheme of heating and 
ventilation, the details only will need attention, and these will not, for 
our present purpose, detain us long. After the contract for the heating 
apparatus has been made, and the contractor has made his appear- 
ance, with his materials, upon the ground, we shall 
need to examine, and if necessary to criticise, the Details of 
construction of the boiler, the dimensions of the pipes, ***"JJj^*^'*'*** 
and the arrangement of them and of the radiators. 

Many good heating engineers employ boilers and radiators of 
their own construction, to which the arrangement of the pipes must 
be suited ; but there are some general principles applicable to all 
systems. The essential features of a good steam-heating apparatus 
are : safety from all risk of explosion, sufficient and well-placed ra- 
diating surfaces, freedom from noise in operation, and thorough 
drainage of all parts, so that the pipes and radiators may not be 
subject to injury from water left standing in them, and freezing. 

The first of these requisites is satisfied in various ways. 

Many engineers, instead of boilers with a single shell, use for 
beating the so-called *' sectional boilers," consisting of coils or groups 
of pipes, sometimes of wrought-iron, but generaUy cast, joined to- 
gether in sets of five or six or even more, over a sin- 
gle fire-box. The water and steam circulate freely b^i^i^ 
among the sections, but in case of over-heating, or 
insufficient water-supply, not more than one section is likely to give 
way at once, and the explosion of a single section, even in the 
basement of a dwelling-house, is rarely a serious matter. Cast-iron 
boilers of this kind are rather liable to such accidents, but the es- 
cape of water from the broken part extinguishes the fire, and ^ new 
section is quickly put in place of the one destroyed, making the 
boiler as good as ever. 
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For convenience in use, it is becoming common to adopt what are 
known as ** magazine boilers," in which the fire-box is fed in the 
same way as a base-burning stove, by coal descending gradually 
from a cylindrical or conical magazine above. Un- 
Boflorii!^ like a hot-air furnace, which distributes some warmth 
through the registers until the last spark of fire has 
gone out, and the ashes have grown cold, a steam-heating apparatus, 
as soon as the water in it ceases to boil, and the steam-pressure falls, 
loses all its power of transmitting warmth to a distance, and the 
rooms dependent upon it rapidly cool. With ordinary house boilers, 
while it is easy enough to bank up the fire and keep it over night, 
ready to shake out and brighten up the next morning, it is diflicult 
to maintain it without attention for six or seven houra in a state of 
sufficiently active combustion to keep steam in the radiators, and 
houses fitted in this way are apt to be cold during the night, but the 
sc.i-feeding boilers, in which coal enough can be put at once into the 
magazine to supply a brisk fire without attention for ten or twelve 
hours, meet this difficulty with perfect success. 

For large buildings, in which economy must be studied in the con- 
sumption of coal, and where skilled firemen or engineers are always 
near at hand to attend to it, the ordinary return-flue tubular boiler 
usually gives the best results, although there are vari-. 
BolloraT ^"^ modifications of this, made with vertical tubes, 
which offer advantages in point of quick response to 
the urging of the fire, and comparative freedom from liability to 
choke up if neglected. That all such boilers are more or less liable 
to explosion cannot be denied, but the danger may be reduced to a 
minimum by insisting rigidly upon a hydrostatic test, and if possible 
a steam test, of at least 150 pounds to the square inch, even for a 
low-pressure boiler, before it is allowed to be put into the building. 
After this, care, clear water, which will not deposit sediment, and 
frequent cleaning, will insure comparative safety. 

As affecting the general efficiency of the heating-apparatus, the 
character of the boiler is of even less importance than that of- the 
system of pipes and radiators by which the steam from it is dis- 
tributed, condensed, so as to give up its latent heat in 
Pipe System, gg^sible form, and returned in the shape of water to 
the boiler from which it started. In order to be quiet and effective, 
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the circulation must be continuous, the steam always flowing in one 
direction from the top of the boiler, and the water returning into 
the bottom, without any of that meeting o£ the two currents which is 
indicated by the cracking and snapping of badly-planned apparatus. 
The necessary elements of every pipe system including radiators 
are the steam-distributing pipes, which carry the steam to the radi- 
ators, and the return-pipes, which bring back the condensed water 
to the boiler. These two duties cannot be fulfilled by a single pipe, 
except in apparatus on the smallest scale, without loss of heating 
power, and annoyance from the constant noisy collisions of the steam 
and water in the pipes, shaking them through their whole length by 
the violence with which the water is driven hither and 
thither in them. Such a method of heating, there- "pi'^,," 
fore, although cheap in first cost, is never employed 
in good work for buildings of any considerable size. For these, 
separate returns are, or should be, always used, and the effectiveness 
with which these do their work is nearly proportional to their extent, 
and consequent cost. In the simplest circulating arrangement, two 
pipes run side by side upward through the building near each line of 
radiators, one of which is connected with the steam dome of the 
boiler, and the other with the water at the bottom. From the 
former pipe branches are taken off to the steam-valve of each radi- 
ator, and branches from the corresponding return-valves connect 
with the other. 

If the process of condensation took place only in the radiators, this 
arrangement would not need to be further complicated, but where 
the steam-distributing pipes are long, some condensation, with low- 
pressure apparatus, takes place in them, partially filling the horizon- 
tal portions with water, causing irregular action and noise. To pre- 
vent this, all horizontal distributing-pipes are in good work laid with 
an inclination downward, in a direction away from the boiler, so that 
tlie force of gravitation and the pressure of the current of steam will 
co-operate in carrying any condensed water which 
may form or collect in them to the lowest point, from '***' 

which it runs out through a vertical "relief-pipe," which is carried 
down to the main return-pipe below, entering beneath the water-line. 
If this is done, as it should be for all horizontal pipes of any consid- 
erable length, or so placed as to receive the condensed water from a 
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long vertical distributing^pipe above, there will be little danger of 
noise in the supply-pipes. The return-pipes may, however, stUl give 
trouble, as the steam may blow rapidly through some radiators into 
the returns, at the same time that streams of water are descending 

from radiators situated on the same line in colder 
tum-R^lseraT ^^^^^ above, causing collisions and noise. To meet 

this danger, the proper way is to furnish each radiator 
with its own return-pipe, carried down separately and entered into 
the main return in the basement, below the water-line. Then, since 
the foot of the pipe is thus trapped, no steam can enter any return- 
pipe except through its own radiator, and the flow, both of steam 

and water through it, will thus be always in the same 
Return' direction, and collisions will be impossible. Such 

separate returns for each radiator consume, however, 
much pipe and money, and the usual mode of palliating the incon- 
veniences arising from the connection of several radiators with 
a single vertical return is simply to enlarge the pipe so as to give as 
much room as possible for the steam and water to pass by each 
other. Which of these methods should be adopted must depend 
upon circumstances, a favorable arrangement of radiators making it 
possible to use in one instance a system of piping which would give 
much trouble in another. In general, the rajdifttors should be so dis- 
tributed that no vertical pipe, either for steam or return, shall serve 
more than two radiators on each floor, and even then it is best to 
make the connections with the two radiators at different levels, to 
prevent one radiator from drawing air or water, as well as steam, 
from the other. 

The rule for the size of main steam-distributing pipes is that 
they should have three-fourths of a square inch of sectional area for 
each one hundred square feet of radiating surface which they supply ; 

the size being slightly diminished toward the end of 
•lie of Pipes. ^|jg pjpg^ Return-pipes are usually made one size 
smaller than the steam supply-pipes, and it must be carefully borne 
in mind that all the pipes, both for steam and return, will expand 
and contract regularly about two inches in every hundred feet, and 
that this expansion must be taken up in some way, or it will keep 
the joints strained and leaking, if it does not tear them asunder. 
The general principle of providing for expansion is to form angles 
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at intervals in the pipe, making each leg of the angle locg enough 
to serve as a spring, which can move to and fro in accordance with 
the expansion and contraction of the other leg, with- 
out undue strain upon the joints of Either. As an »Pan«on. 
illustration of this principle, the vertical steam and return risers, 
which are usually the longest straight pipes in any building, are 
fixed only at the bottom, leaving the whole of the pipe above free to 
rise and fall as its temperature changes. The only branAes from 
the risers arc, or should be, the steam and water connections witli 
the radiators, and to accommodate these to the movement of the 
risers, the radiators are always set hack several feet from the main 
vertical pipes, communicating with them by horizontal branches, 
which, although fixed at one end to the radiator, are long enough to 
spring freely, and allow the end connected with tlie risers to move 
up and down without causing the joints to leak. If the risers are 
fixed at the bottom, the change in length due to expansion accumu- 
lates toward the upper end, and the radiators in the topmost stories 
of the building may need inconveniently long horizontal connections 
to take up the movement without danger of leakage. In this case it 
is possible, with care in arranging the lower connections with the 
mains, to divide the expansion by fixing the risers only at the middle 
ini^tead of one end. Then the upper and lower radiators will need 
equally long connections, and the shortest will be those for the 
radiators in the middle stories. Similar arrangements for throwing 
the expansion where it can be best taken up may be used in setting 
other pipes, but such details ought to be made the subject of special 
study. 
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